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ADVERTISEMENT. 


It  is  unneoessary  here  to  say  anTtliing  on  the  merits  of  this 
vork,  already  so  well  established  as  the  most  popular  and 
instructive  manual  of  science  in  the  English  language. 

The  present  edition  has  undergone  very  considerable  re- 
▼iaion,  both  in  regard  to  the  language  and  the  subject,  and  is, 
for  the  first  time,  accompanied  by  "  Questions  for  Examina- 
tion;** which,  while  they  give  convenient  analyses  of  the 
chapters,  will  be  found  of  considerable  advantage  in  exer- 
cising the  intellect  and  memory  of  youth. 

This  edition  was  prepared  with  great  care  and  attention 
hj  the  late  Mr.  Wm.  Pinnogk,  a  namo  well  known  in 
Bcholastic  literature,  and  was  left  by  him  ready  for  the  press : 
bat  circumstances  having  retarded  its  publication,  it  has  been 
deemed  advisable  to  have  the  whole  re-examined,  and  com- 
pleted to  the  present  time.  This  task  has  been  entrusted  to 
men  eminent  in  science,  and  of  acknowledged  ability  in  its 
several  departments;  and  it  is  confidently  believed  that  the 
▼ork,  in  its  improved  form,  presents  the  most  useful  aud 
oomprehensive  manual  of  science  that  can  be  put  into  the 
hands  of  youth. 


Since  the  above  was  written,  the  work  has  been  twice 
carefully  revised,  and  brought  down  to  the  existing  state  of 
knowledge,  by  Dr.  J.  W.  Griffith.  To  the  present  edition 
has  been  added  a  Chapter  on  Recent  Discoveries,  comprising 
the  notation  of  the  Earth,  as  shown  by  the  Pendulum ;  the 
Screw  Propeller;  the  Electric  Telegraph;  the  Stereoscope 
aud  the  Aneroid  Barometer. 

H.  G.  B. 
June,  1855. 


PREFACE 


TO  THE  ORIGINAL   EDITION. 


Thk  Author  of  this  volume  feels  himself  extremely  happy  in 
the  opportunity  which  this  publication  affords  him  of  acknow- 
ledging the  obligations  he  is  under  to  the  authors  of  "  Prac- 
tical Education,"  for  the  pleasure  and  instruction  which  he 
has  derived  from  that  valuable  work.  To  this  he  is  indebted 
for  the  idea  of  writing  on  the  subject  of  Natural  Philosophy 
for  the  use  of  children.  How  far  his  plan  corresponds  with 
that  suggested  by  Mr.  Edgeworth,  in  his  chapter  on  Me- 
chanics, must  be  left  with  a  candid  public  to  decide. 

The  Author  conceives,  at  least,  he  shall  be  justified  in 
asserting,  that  no  introduction  to  natural  and  experimental 
philosophy  has  been  attempted  in  a  method  so  familiar  and 
easy  as  that  which  he  now  offers  to  the  public — none  which 
appears  to  him  so  properly  adapted  to  the  capacities  of  young 
people  of  ten  or  eleven  years  of  age;  a  period  of  life  which, 
from  the  Author's  own  experience,  he  is  confident  is  by  no 
means  too  early  to  induce  in  children  habits  of  scientific 
reasoning.  In  this  opinion  he  is  sanctioned  by  the  authority 
of  Mr.  Edgeworth.  "  Parents,"  says  he,  "  are  anxious  that 
children  should  be  conversant  with  mechanics,  and  with  what 
are  called  the  mechanical  powers.  Certainly  no  species  of 
knowledge  is  better  suited  to  the  taste  and  capacity  of  youth, 
and  yet  it  seldom  forms  a  part  of  early  instruction.  Every 
body  talks  of  the  lever,  the  wedge,  and  the  pulley,  but  most 
people  perceive,  that  the  notions  which  they  have  of  their 
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respective  uses  are  unsatisfactory  and  indistinct;  and  manj 
endeavour,  at  a  late  period  of  li^e,  to  acquire  a  scientific  and 
exact  knowledge  of  the  effects  that  are  produced  by  imple* 
ments  wliich  are  in  everybody's  hands,  or  that  are  absolutely 
necessary  in  the  daily  occupations  of  mankind." 

The  Author  trusts  that  the  whole  work  will  be  found 
a  complete  compendium  of  natural  and  experimental  phi- 
losophy, not  only  adapted  to  the  understandings  of  youn^ 
people,  but  well  calculated  also  to  convey  that  kind  of  fami- 
liar instruction  which  is  absolutely  necessary,  before  a  person 
can  attend  public  lectures  in  these  branches  of  science  with 
advantage.     "  If,"  says   Mr.  Edgeworth,  speaking  on  this 
subject,  "  the  lecturer  does  not  communicate  much  of  that 
knowledge  which  he  endeavours  to  explain,  it  is  not  to  be 
attributed  either  to  his  want  of  skill  or  to  the  insufficiency  of 
his  apparatus,  but  to  the  novelty  of  the  terms  which  he  is 
obliged  to  use.     Ignorance  of  the  language  in  which  any 
science  is  taught  is  an  insuperable  bar  to  its  being  suddenly 
acquired:  besides  a  precise  knowledge  of  the  meaning  of 
'terms,  we  must  have  an  instantaneous  idea  excited  in  our 
minds  whenever  they  are  repeated:  and,  as  this  can  be  ac- 
quired only  by  practice,  it  is  impossible  that  philosophical 
lectures  can  be  of  much  service  to  those  who  are  not  fami- 
liarly acquainted  with  the  technicid  language  in  which  they 
are  delivered." 

It  is  presumed  that  an  attentive  perusal  of  these  Dialogues, 
in  which  the  principal  and  most  common  terms  of  science  are 
carefully  explained,  and  illustrated  by  a  variety  of  familiar 
examples,  will  be  the  means  of  obviating  this  objection  with 
reepect  to  persons  who  may  be  desirous  of  attending  those 
public  philosophical  lectures  to  which  the  inhabitants  of  the 
metropolis  have  almost  constant  access 
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FIKST    CONVERSATION. 
JSTHODUCTION. 


_    and 


■teg.  My  dear  Papa,  jou  told  sister  Emma  and  myself, 
other  day,  thtit,-  after  we  had  finished  reading  the  "  Evf7i- 
at  Home"  you  would  explain  to  us  some  of  the  princi- 
of  "  Natohal  PEnLosuPur  :"  will  you  be  so  kind  as 
to  begin  tliis  morning  ? 

Father.  Yes,my  child;  and  I  shall  at  all  times  take  a  delight 
in  communicating  to  jou  the  "  elements  ow  vseful  know- 
IBDUB;"  and  the  more  so  in  proportion  to  the  desire  you 
exhibit  of  collecting  such  facts  as  may  enable  you  to  under- 
Rtaitd  the  operations  of  nature,  as  well  as  the  works  of  inge- 
nious artista,  and  lead  you,  inaeoaibly,  to  admire  the  Wisdom 
and  Goodness  gf  the  great  Creator,  by  which  the  whole 
Elem  of  the  univerae  ia  constructed  and  supported. 
Emma.  But  can  philosophy  be  comprehended  by  children  so 
'young  as  we  xtv't  I  thought  that  it  was  the  study  aud  pur- 
Suit  of  men, — of  old  men  too. 

Fa.  PniLosoPBif  is  a  word  which,  in  its  original  sense, 
merely  aigniiies  a  love  or  desire  af  witdam;  and  you  will  not 
mUow  that  you  and  your  brother  are  so  young  us  to  have  no 
wisdom  o    " 


t  £nt.  Fur  from  it;  I  a 


ivinced  tliat  the  more  knowledge 


,  the  better  I  like  it;  and  the  number  of  n 


ich,  witit  a  little  of  your  assistance,  I  have  giuned  from 
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the  "  Evenifigs  at  Home^  and  the  great  pleasure  which  I 
have  received  from  the  perusal  of  those  volumes,  wiU  lead  me 
to  read  them  again  and  again. 

Fa,  If  you  have  been  so  much  delighted  with  the  informa- 
tion you  have  acquired  from  "  The  Evenings  at  Honie^ 
how  much  more  so  must  you  be  with  that  information,  which 
explains  the  nature  of  every  object  around  you,  and  accounts 
for  the  various  changes  to  which  they  are  perpetually  subject 
by  their  actioiis  on  eaoh  other. 

Em,  I  shidl,  indeed:  and  does  Natural  Philosophy  give 
us  this  information? 

Fa.  It  does  ;  it  explains  the  powers  or  principles  of 
objects;  their  external  appeanmces;  and  their  elementary 
or  component  paHs.  It  gives  us  the  reason  why  a  stone  or 
other  object  thrown  into  the  air  returns  again  to  the  Wth; 
how  any  object  is  put  in  motion,  and  why  it  subsequently 
stops:  it  accounts  for  the  rising  of  smoke  and  vapour,  and 
the  descent  of  rain;  the  motions  of  the  heavenly  bodies  and 
the  changes  of  the  seasons;  and  gives  us  also  the  causes  of 
lightning  and  of  thunder.  It  explains  how  we  see  ourselves 
in  the  looking-glass;  and  how  objects  are  magnified,  and 
brought  nearer;  and  elucidates  the  force  of  fire  and  water, 
and  the  principles  of  animal  and  vegetable  life.  In  fact,  it  is 
the  Science  of  Natwre^  and  is  known  under  the  name  of 
Physics  in  its  more  comprehensive  sense;  and  you  will  find  very 
Mttle,  in  the  introductory  parts  of  it,  that  will  require  more 
of  your  attention  than  many  parts  of  that  work  with  which 
jou  have  been  so  lately  delighted. 

Ch,  What  a  delightful !  what  an  admirable  study!  How 
I  long  to  be  a  philosopher. 

Fa,  But,  my  child,  moderate  your  enthusiasm;  the  sub- 
ject is  so  vast,  that  it. will  be  a  work  of  considerable  time 
before  you  can  be  a  proficient  in  it;  and,  above  all  things, 
remember  throughout  your  whole  application  to  it,  that  all 
the  wonderful  operations  observable  in  nature  are  directed 
by  the  hand  of  an  Almighty  Providence,  and  are  not  the 
effect  of  chance.  Nothing  is  done,  nor  can  be  done  without 
the  will  of  God,  "  in  whom  we  live,  and  move,  and  have  our 
being:"  and  let  me  add,  if  you  pursue  the  study  carefully  and 
progressively,  you  will  have  but  few  diilicultieB  to  overcome. 

Ck.  But  m  some  books  of  Natural  Fhilosophy>  which  I 
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hive  occasioQoUjr  lookod  into,  a  number  of  new  and  uDcom- 
aon  words  hare  perplt^xed  me.  I  have  also  Men  rcfereacea 
tD  figures,  hj  meaua  uf  lar^  aad  ^mall  lettcra  ;  the  use  of 
which  I  (lid  not  understand. 

fa.  It  b  frequently  a  dungeroiia  practice  for  young  minJa 
to  dip  into  sulijectjt  before  they  are  prepared,  by  aoino  pre- 
Tious  knowledge,  to  enter  upon  them  ;  siace  it  may  create  a 
iffi^^-sste  for  tlie  most  interesting  studies.  TLose  book^,  lor 
instnuce,  which  yon  now  read  with  so  much  pleasure,  would 
not  have  afibrded  you  tbe  least  entertainment  a  few  years 
tgo,  when  you  must  have  epe]t  out  almost  every  word  in 
'Mch  page.  So  likewise,  the  same  sort  of  disgust  would  na- 
Iturally  be  felt  by  those  who  should  attempt  to  read  works  of 
kaejenec  before  the  principles  and  leading  terms  of  the  intro- 
i^nctory  parts  are  well  eipluned  and  understood.  For  this 
I'pnrposc  it  will  be  most  important  that  yon  ascertain  the 
lOrrivation  of  every  new  and  scientific  word  yoti  meet  with; 
■nd  you  will  now  discover  that  a  knowledge  of  the  Latin  and 
Grcc^  languages  will  be  found  indispensable  for  acquiring  any 
science  wHh  facility  and  pleasure.  We  will  begin  with  the 
vord/^'&wopA^  itself.  Whatdid  I  tell  you  wasitsderivBiion? 

Ch.  I  think  you  said  it  wbs  from  two  Greek  words,  p/iiko 
(ft^iw)  "  I  love,"  and  sophia  (tro^a)  "  wisdom;"  and  menns 
•  a  lover  of  wisdom." 

fa.  Thai  is  quite  right.  Now,  remember,  Physics  comes 
fhrni  tlie  Greek  word  pht/sia  {/fiirii)  "  nature;"  and  menns 
"  the  Science  of  Nature." 

£m.  Will  you  explain  to  me  what  is  meant  by  Experi- 
modal  Phihsopktf  f 

■  fa.  Natural  Philosophy  is  a  science  at  oiitervalion  and  cx- 
ferimetU,  for  by  these  two  modes  we  deduce  the  varied  in- 
formation we  have  acquired  about  material  bodies:  by  the 
torratx  we  notice  any  changes  that  occur  in  tlie  condition  or 
telatioos  of  any  body  as  they  spontaneously  arise  without  any 
jDttrfftrence  on  our  port;  whereas  io  the  performance  of  an 
OXperimODt,  we  purposely  alter  tbe  natural  arrangement  of 
ibings  to  bring  about  some  pariicular  condition  that  we  desire. 
To  ttccumplish  this  we  make  use  of  various  appliances,  called 
philosopktcal  apparatus,  the  proper  use  and  application  of 
Vllicli  it  is  the  office  of  Experimental  Phiiosopla/  to  lencli. 

Afi4  MW  ve  shall  begin  our  lecture  niih  the  ecieoce  of 
B  2 
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Mechanics^  which  elucidates  the  causes  that  produce  or  pre* 
vent  motion  in  bodies;  the  term  is  derived  from  the  Greek 
word  mechane  (/ii^xdv^)  *'  &  machine."  The  word  angU  is 
conUnuallj  recurring  in  subjects  of  this  sort.  Do  you  know 
what  an  angle  is? 

Em,  I  think  not.     Will  you  explain  what  it  means? 

Fa,  An  angle    is  made  by  the  opening  of  two 
straight*  lines  which  intersect  or  meet  one  another. 
In  this  figui*e  there  are  two  straight  lines,  ab  and  "^j-  , 
€hj  meeting  at  the  point  h;  and  the  opening  made 
by  them  is  called  an  angle. 

Ch,  Whether  that  opening  be  small  or  great,  is  it  still 
called  an  angle? 

Fa,  It  is.  Your  drawing  compasses  will  give  you  an 
excellent  idea  of  an  angle;  the  lines  in  the  figure  represent 
the  legs  of  the  compasses;  and  the  point  ^  the  joint  upon 
which  they  move  or  turn.  Now  you  may  open  the  legs  to 
any  distance  you  please,  even  so  far  that  they  shall  form 
one  straight  Hne:  in  that  position  only  they  do  not  form  an 
angle;  but  in  every  other  situation,  an  angle  is  made  by  the 
opening  of  these  legs;  and  the  angle  is  said  to  be  greater  or 
less,  as  that  opening  is  greater  or  less. 

Em,  Are  not  some  angles  called  right  angles  ? 

Fa,  Angles  are  either  rights  acute^  or  obtuse.    When  8 
line  ab  meets  another  line,  cd^  in  such  a  manner 
as  to  make  the  angles  abd  and  abc  equal  to 
one  another,  then  ^ose  angles  are  called  right 
angles;  and  the  line  a 6  is  said  to  be  perpendi-  — 
cular  to  the  line  cd.     Hence,  to  be  perpendi-        ^^*  ^" 
cular  to  any  thing,  or  to  make  right  angles  with,  a  line,  or 
anything  else,  means  one  and  the  same  thing.     The  corner  of 
a  room,  or  of  a  table,  is  generally  a  right  angle. 

Ch.  Does  it  signify  how  you  repeat  the  letters  of  an  angle? 

Fa,  An  angle  is  usuaUy  expressed  by  three  letters;  and 
tliat  at  the  angular  point  must  always  be  the  middle  letter  of 
the  three:  but  it  may  often  be  expressed  by  a  single  letter: 
the  angle  abc  in  the  figure  1,  may  be  called  simply  the 
angle  b;  for  there  is  no  danger  of  a  mistake,  because  there 
18  but  one  angle  at  the  point  b, 

Ch.  I  understand  this:  but  if,  in  the  second  figure,  I  were 

•  Struigkt  linef,  in  woilu  <tf  science,  arc  tooallj  denominbted  right  lines. 
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■to  eKpreSB  the  angle  by  the  letter  5  only,  you  vrould  not  know 
whether  I  meant  the  nngle  abc  or  abd.  <a 

Fa.  That  is  the  precise  reason  why  it  is  necewary,  i 
•JB  various  angles,  to  make  use  of  three  letters.     An  j 
tKute  angle  (fig.  1)  (*^c,  b  less  than  a  right  angle;  f..,^^ 
«n<l  an  obtuse  angle  (6g.  3)  abc,  is  greater  than  a      ^^r 
fight  angle.  fir-  ■■ 

Em.  You  sec  now,  Charles,  the  meaning  of  those  letters 
pUred  againat  the  6gures,  which  so  puzzled  you  beforc. 

Ch.  I  do;  they  are  intended  to  distinguish  the  ei?pamte 
faiii  of  each,  in  order  to  render  the  description  of  them 
caai^r  both  to  the  author  and  the  reader:  but,  Fapa,  if  one 
^de  of  an  angle  id  tnade  longer  than  the  otber,  is  not  the 
Wigie  Urger? 

Fa.  No:  an  angle  is  not  mensured  by  the  length  of  its 
'^e^i  but,  making  the  sides  equal  in  length,  by  the  width  of 
•he  opening. 

£m.  How  is  that  opening  measured.  Papa? 

Fa.  In  this  way;  take  your  compasses,  and  with  one  leg 
n  the  angnlar  point,  describe  a  circle  with  the  other  that 
ihall  cut  hath  sides  of  the  angle;  and  you  will  thus  see  that 
an  oiigle  is  a  part  of  a  circle:  now,  every  circle  is  divided 
Into  3iS0  degrees,  so  that  the  wider  the  opening,  the  greater 
it  the  number  of  the  degrees,  and,  therefore,  the  greater  the 
tngle.  A  right  angle  contains  90  degrees,  and  is,  therefore, 
m  qniuter  of  a  circle. 

'     Em.  Then,  PapiL,  I  suppose  an  obtuse  angle  contains  mora 
titan  90  degrees,  and  an  acute  angle  less? 

Fa.  Certainly;  and  now  you  will  understand  what  I  meant 
t!ie  other  evening,  when  1  told  you  that  yon  should  alway.t 
snuff  a  candle  at  an  angle  of  /ortt/-Jive  degrees,  for,  by  so 
doing,  a  portion  of  tlie  wick  will  he  left  high  enough  to  re- 
tain the  flame,  and  the  danger  of  snuffing  it  out  is  avoided. 

£m.  1  sec  this  clearly.  Papa,  Now  what  is  the  differenci, 
»eIW(«D  an  angle  and  a  triangle? 

Fa.  An  angle,  my  dear,  is  made  by  the  opening  of  two 
R«traigUt  lioes,  and  two  straight  lines  cannot  of  themselves  en- 
■doie  a  space;  but  a  triangle,  as  abc,  does  enclose        "y^ 
k space,  and  is  bounded  by  l/iree  straight  lines,  -j^    \- 
Tt  takes  its  name  from  the  property  of  containing 
X  anglei;  and  is  derived  from  two  Latin  words, 


d 


I 


I 


6  MBCHANIOS. 

tret  or  tria,  "tlirce,"  and  angubts,  "  a  comer."  TLere  are 
vftrious  kinds  of  triangles,  taking  their  names  either  from  the 
extent  of  their  aides,  or  from  the  nature  of  their  angles;  hut 
us  it  is  not  worth  while  to  hurthen  ^uur  memories  with  more 
terms  than  are  nhsolutely  necessary,  (  will  omit  the  explana- 
tion of  tbem  till  we  have  occasion  to  employ  them.  But  I 
must  not  forget  to  explain  to  you  the  two  important  words, 
Statici,  and  D//namica.  Mechanics  may  he  aaid  to  be  divided 
into  two  great  hranches;  that  which  relates  to  bodies  in  a  rlale 
forest  is  called  Slatiet,  frorn  the  Lntin stare,  "to stand:"  mid 
that  which  relates  to  bodies  in  a  tiate  of  motion  is  called 
Dynumies,  from  the  Greek  word  di/namis  (3umi/hc)  "  force  or 
power,"  The  former  explains  how  a  roof  may  be  supported; 
the  latter  how  it  happens  to  fall,  and  why  it  fell  in  one  di- 
rection rather  than  another,  and  Ukewise  the  time  and  the 
velocity  of  its  falling. 

Ch.  Pray,  Papa,  what  is  the  name  of  the  science  that 
teaclies  wn  a,  knowledge  of  anglca? 

Fa.  Georaetty;  which,  in  the  strict  sense  of  the  word, 
tneam  simply  the  act  of  measuring  the  earth,  as  its  derivatioa 
implies,  being  from  the  Greek  ge  (yij)  "  the  earth,"  and 
melron  (jiirpoy)  "  a  measure;"  but  it  is  applied  now  to  that 
science  which  treats  of  magnitude  and  extension,  and  is,  iQ 
that  sense,  the  Handmvd  of  Mechanics,  Astronomy,  Hydro- 
statics, Pneumatics,  the  theory  of  Light,  ftc 

The  study  of  Geometry  has  also  another  use,  of  much 
higher  value  to  mankind;  namely,  that  of  teaching  us  to 
reason  accurately  on  the  most  important  suhjects.  It  libS  ft 
most  powei-ful  and  salutary  eHect  on  the  mind;  it  strengthens, 
corroborates,  and  directs  the  reasoning  faculties;  inuring  the 
mind  to  patient  labour,  habituating  it  to  strict  method,  and 
supplying  it  with  tunplc  means  for  contriving  and  adopting 
the  most  proper  expoilicnts  for  the  prosecution  of  its  inquiries, 
with  a  strict  and  perfect  model  of  demonstration ;  Geometry, 
therefore,  powerfully  recommends  itself  to  the  diligent  at- 
tention of  every  candid  and  impartial  lover  of  truth;  and  it 
is  on  this  account  that  it  is  so  extensively  pursued  in  the 
University  of  Cambridge. 

But  we  may  state  that  the  study  of  Geometry  presents,  at 
its  outset,  many  discouraging  fentures;  which,  however, 
gradually  disappear.     A  dense  fog,  to  a  person  who  bad 
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■  aaTcr  before  se«n  on^  woDld,  at  a  distance,  appear  impcne- 
'rahir;  hut,  on  sdvancing,  it  presents  no  obsfaole,  and,  clearing 
fuj  by  de^^reesi,  is  generally  succeeded  by  a  bright  and 
■nous  siinshiae.    Thus  Geometry  becomes  easier  as  ive  pro- 
1,  and  imparts  such  plesaure,  from  the  certainty  of  its  de> 
□etrations,  and  the  clearness  of  its  conclusions,  that  the 
ind  is  insensibly  led  on  from  one  truth  to  another,  delighted 
ith  its  own  progress  and  discoveries. 
Ch,  What  is  meant  by  a^ure  in  Geometry? 
Fa.  It  is  any  part  of  space  bounded  by  one  or  more  lines, 
straight  or  curred.     AVhen  a  figure  has  them  both 
raiffhl  and  cun-cd,  it  is  said  to  be  a  mixed  figure. 
Cm.  a  circle,  I  suppose,  is  a  curved  line,  carried  on  till  it 
s  at  both  ends,  and  is  drawQ  from  a  point  within,  colled 
e  centre,  and  the  curved  line  is  termed  the  circumference. 
hit  what  is  meant  by  &  geometrical  or  mathematical  point? 
•  fa.  A  mathetnatical  point  has  neither  length,  breadth,  nor 
Hence  it  may  be  readily  understood  that  a  geo- 
metrical point  cannot  be  seen,  but  is  only  imBgined.     Yet  this 
idea  has  nothing  to  do  with  the  reasoning  part;  all  that  be- 
comes necessary  is,  that  the  point  or  dot  should  not  occupy 
any  sensible  part  of  the  line^  in  order  that  the  diagram  might 
be  distinct.    Points  are  only  subservient  to  the  convenience  of 
construction. 

Ch.  WTien  a  straight  line  is  drawn  from  one  part  of  the 
circmnferencG  to  another,  through  the  centre,  what  is  that 
Hue  called? 

Fa.  It  is  termed  the  diameter  of  the  circle.     A  line  drawn 

from  the  centre  to  the  circumference  is  called  the  radiva  of 

e  circle.     Hence  the  radius  ia  the  semi -diameter,  or  balf- 

meter  of  a  circle.     A  straight  line  drawn  from  one  point 

fa  curve  to  another  is  a  chot3.     When  the  parts  of  «  circlB 

e  divided  by  a  chord,  they  ore  called  segments.     When  the 

1  IS  the  diameter,  the  segments  arc  e(]ual,  ond  are  called 

drdos. 

Ck.  How  Is  a  circle  divided.  Papa? 

Fa.  It  is  divided  into  360  degrees,  whatever  be  the  siie  of 
■«  circle.     That  which  the  earth  describes  has  no  greater 
nmber  of  degrees  than  a  small  ring  on  the  finger;  the  only 
ifferenoe  being  in  their  magnitude. 
Ch.  But  are  not  circles  otherwise  divided? 
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Fa*  They  are  also  divided  into  great  and  smaller  circles. 
JPhe  great  circles  go  round  the  centre  of  the  earth.  The  me- 
xidians  are^great  circles,  and  the  equator  also.  The  admeasure- 
ment of  a  degree  in  a  great  circle  is  69t|^  £nglish  miles;  but  the 
-smaller  circles  vary  according  to  their  distance  from  the  equator. 
A  circle  divided  by  two  diameters  into  four  equal  parts,  will 
comprise  four  right  angles;  each  one  measuring  90  degrees. 

QUESTIONS  FOR  EXAMINATION. 


What  is  metnt  bj  the  term  philoso- 
phj  ? — What  is  an  angle  ?  —  By  what 
Jnitrnment  can  angles  of  dilTerent 
quantities  be  represented?  —  How 
man  J'  kinds  of  angles  are  there?  — 
What  Is  a  right  angle  ?  —  How  do  jon 
define  an  angle? — What  is  an  aevU 
angle  r—  How  do  you  define  an  o6<i««e 
angle  ? — For  what  purpose  are  letters 
ns^  in  the  description  of  niathemati- 
cal  figures? — Can  yon  tell  me  how  to 
disUniguish  between  an  angle  and  a 


triangle? — What  is  geometry,  and 
what  its  uses? — Wliat  is  a  figure  .in 
geometry?  A  circle?  A  radius?  A 
semicircle?  A  chord?  — What  is  the 
meaning  of  the  word  circumference? 
A  mathematical  point?  Semidiame- 
ter  ?— How  are  circles  diyided  ?  What 
is  a  great  circle?  A  lessw  drcle? 
How  measured? —  What  are  meridi* 
ans?  The  equator? — How  many  £ng» 
lish  miles  are  there  in  a  degree  upon 
the  equator? 


CONVERSATION  IL 
.     OF   MATTER. 


OF   THE  DIVISIBILITT   OF   MATTER. 

.  Father.  Do  you  understand,  mj  dears,  what  philosophers 
mean  when  they  make  use  of  the  word  Matter  f 

Em.  Are  not  all  things  which  we  see  and  feel  composed  of 
matter? 

Fa,  Eveiything  which  is  the  object  of  our  senses  is  com* 
posed  of  matter,  differently  modified  or  arranged:  but,  in  a 
philosophical  sense,  it  is  defined  to  be  an  extendedy  impenc' 
trftblcy  inactive^  and  movable  substance. 

Ch.  IS  by  extension  is  meant  length,  breadth,  and  thick* 
ness,  matter,  undoubtedly,  is  an  extended  substance.  Its 
impenetrabilUy  also  is  manifest  by  the  resistance  it  makes 
to  the  touch. 

Em,  And  the  other  properties  nobody  will  deny;  for  all 
material  objects  are,  of  themselves,  without  motion,  which 
I  suppose  is  what  is  meant  by  inactive:  and  yet,  it  may  be 
readily  concdved  that^  by  the  application  of  a  proper  force 
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tiere  is  no  body  wLich  cannot  Le  moved,  wlienee  it  may  be 
said  to  be  moeable.  But  I  remember,  Papn,  tbat  you  toM 
OS  something  strange  nbout  the  divUibiliti/  of  Matter,  which 

[  jou  wA  might  be  continued  without  end. 

~'  Fa.  I  did,  <omc  time  ugo,  mention  this  as  n  curious  nnd 
latrresting  subject;  and  tliis  is  u  very  fit  time  lor  me  to  ex- 

Ck.  Can  matter  indeed  be  infinitely  divided?  For  I  sup- 
e  that  this  is  what  is  meant  by  a  division  without  end. 

Fa.  Difficult  as  this  may   at  first  appear,  yet  it   seems 

y  capable  of  proof.  Can  you  imagine  a  particle  of  matter 
p  be  so  small  as  not  to  have  an  upper  and  an  under  surfnce'f 
;  Ch.  Certainly  not;  every  portion  of  matter,  however  mi- 
jate,  must  have  two  surfaces  at  least;  and  then  I  see  that  it 
'  IbUoivs  of  murse  that  it  is  divisible;  for  the  upper  gurfaco 
could  be  separated  from  the  under  one,  and  this  again  be 
repeated  to  infinity. 

Fa.  Tour  conclusion  is  just;  matter  is  by  some  con- 
adered  to  be  infinitely  divisible,  and  many  ai^umenta  besides 
Tours  have  been  advanced  in  support  of  that  opinion;  never- 
theless it  is  impossible  to  imagine  that  the  molecules  of  which 
yon  conceivemaltpr  to  consist,  can  be  composed  of  anything  else 
than  certain  definite  but  excessively  minute  indivisible  atoms, 
and  this  is  the  opinion  now  adopted  by  most  philosophers, 
iJthough  it  is  perhaps  a  question  which  is  incapable  of  satis- 
iactary  solution. 

Em.  But  you  were  kind  enough  to  say  that  you  would 
mention  to  us  some  remarkable  instances  of  the  minute 
division  of  matter. 

Fa.  A  few  years  ago  a  lady  spun  a  single  pound  of  wool 
into  a  thread  168,000  yardi  long:  and  Mr.  Boyle  mentions 
that  two  grains  and  a  half  of  silk  were  spun  into  a  thread  of 
300  yards  in  length.  If  a  pound  of  silver,  which  contains 
■S760  grains,  and  a  single  grain  of  gold,  be  melted  together, 
the  gold  will  be  equally  diffused  throughout  the  whole  mass 
of  silver !  so  that  if  one  groin  of  the  mass  be  dissolved  in  a 
liqnid  called  aqua  forlis,  which  is  crude  nitric  acid,  the  gold 
LWU  fall  to  the  bottom.  By  thw  experiment  it  is  evident 
D  grain  may  be  divided  in  5761  visible  parts,  for  only 

e  £761st  part  of  the  gold  is  contained  in  a  single  grain  of 
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GoH-beaters  caa  spread  a  gram  of  gold  into  a  leaf  <x>tt^ 
taining  fifty  square  inches;  and  this  leaf  may  be  readily 
divided  into  5O6,O0O  parts;  each  of  which  is  visible  to  the 
naked  eye.  By  the  help  of  a  microscope,  which  magnifies  the 
area  or  surface  of  a  body  100  times,  the  100th  part  of  each 
of  these  becomes  visible  ;  that  is,  the  fifty  millionth  part  oi 
a  grain  of  gold  will  be  visible,  or  a  single  grain  of  that  metal 
may  be  divided  into  fifty  million  visiUe  parts.  But  the  gold 
which  covers  the  sHver  wire,  used  in  making  what  is  called 
gold  lace,  is  spread  over  a  much  larger  surface;  yet  it  pre- 
serves, even  'd  examined  by  a  microscope,  a  unifiorm  appear- 
ance. It  has  been  calculated  that  one  grain  of  gold,  under 
these  circumstances,  would  cover  a  surface  of  nearly  thirty 
square  yards. 

In  the  gilding  of  buttons,  ^yb  grains  of  gold  which  is  ap- 
plied as  an  amalgam  with  mercury,  is  allowed  to  each  gross, 
so  that  the  coating  deposited  must  amount  to  tiie  1 10,000th 
part  of  an  inch  in  thit^ess. 

The  fMiural  divisions  of  matter  are  still  more  surprising. 
In  odorifeixms  bodies,  such  as  lavend^-water,  camphor, 
musk,  asafoDtida,  and  scents  of  various  kinds,  a  wonderful 
subtlety  ei  parts  is  perceived;  for  though  they  are  perpetu*^ 
ally  filling  a  considerable  i^iace  with  odoriferous  particles, 
yet  these  bodies  lose  but  a  very  small  part  of  their  weight  or 
quantity  in  a  great  length  of  time.  One  grain  of  mu^  has 
been  known  to  perfume  a  room  for  the  space  of  tw^ty  years. 
In  the  perfume  emanating  ^m  a  flower,  how  diminutive 
must  be  the  particles  that  reach  the  olfitu^ry  nerves  of  the 
nose  when  we  smell  them,  and  which  are  thesoselves  invisible 
and  cause  no  sensible  diminution  to  the  bulk  of  the  plant 

The  Lycc^rdon,  or  pufi^-ball,  is  a  fungus  growing  in  the 
form  of  a  tubercle,  which,  being  pressed,  bursts,  emitting  a 
dust  so  fine  and  so  light,  that  it  floats  through  the  air  with 
the  appearance  of  smoke.  Examined  under  the  microscope* 
this  dust,  which  is  the  seed  of  the  plant,  appears  under  the 
form  of  globules  of  an  orange  colour,  perfectly  rounded,  and 
in  diameter  about  the  fiftieth  part  of  a  hair;  so  that  if  this 
calculation  be  correct,  and  a  globule  were  taken  having  the 
diameter  of  a  hair,  it  would  be  one  hundred  and  twenty-five 
thousand  times  as  great  as  the  seed  of  the  lyooperdon. 

In  Leslie's  "  Natural  Philosophy"  we  read  that  millions  of  the 
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iaeect  Monatfftlatifutaa,  found  among  dock-weed,  ore  Bporting 
'a  Miedropot'ltquiil:  and  tbiit  the  Vibrio  urtdulii,  found 
9  pkut,  is  computed  to  be  ten  thousand  million 
:  tlian  a  hemp  seed.  Now,  if  it  be  ttdniitled 
I  little  Knimals  are  possessed  of  organixod  parts, 
Bodi  as  a  lieart,  stomiich,  muscles,  vein?,  artericii,  &c.,  and 
timit  tliej  are  posseiuied  of  a  com]ilete  system  of  circulating 
fluids,  eimilar  to  what  is  found  in  larger  animals,  v-e  seem  lu 
approach  to  an  idea  of  the  infinite  divbibilitj  of  matter.  It 
has  indeed  been  calculated  that  a  particlo  of  the  blood  of  one 
of  these  animalcules  is  as  much  smaller  then  a  globe  one- 
taitb  of  an  inch  in  diameter,  as  that  globe  is  smaller  than  the 
I  vfcole  earth.  Nevertheless,  if  these  particles  be  compared 
"  1>  the  particles  of  light,  it  is  probable  that  they  would  be 
o  exceed  them  in  bulk  as  much  as  mountains  exceed 
^  e  grains  of  sand. 
^^ere  is  a  very  familiar  example  in  the  sweetening  of  tea, 
11  lump  of  Bi^oT  extending  its  influence  throughout  the 
l^fnll ;  and  in  one  drop  how  diminutive  must  be 
■  of  sugar. 

k  drop  of  port- wine  put  info  a  tumbler  of  water  vill 

P  wliole  mass,  so  that  one  drop  of  it  con  contain  but 

e  portion  of  the  wine. 

single  grain  of  copper  di^olYed  in  nitric  acid,  will  give 

P  blae  tint  to  three  pints  of  water;  by  which  the  copper  is 

lated  at  least  one  hundred  million  times. 

I  I  ni^t  enumerate  many  other  instances  of  the  same  kind; 

t  these,  I  doubt  not,  wiU  be  sufficient  to  eonirinco  you  into 

▼ery  minute  parts  matter  is  capable  of  being  divided; 

.    witli  these  we  will  close  our  present  conversation. 

Fa.  Now,  my  dear  Charles,  let  me  be  the  questioner,  after 

several  conversations  relating  to  the  same  subject,  in  order 

find  if  you  have  entered  into  the  spirit  of  the  information 

have  receiTetl,  and  made  such  dedoctiona  na  may  he 

[  CjL  Meet  willingly.  Papa. 

[  Jo.  Yon  have  learned,  in  this  latter  converjmtion.  that 
is  philosojihically  defined  to  be  an  exfcndetl,  impene- 
inacthr,  and  maeeable  substance.     How  do  you  under* 
id  these  terms? 

that  principle   of  matter  by  which  it 


12  MBCHAMICS* 

occupies  a  part  of  space.  Impenetrability  implies  a  pro« 
perty  by  which  two  bodies  cannot  exist  in  the  same  place 
at  the  same  time.  Trmciive  and  moveable  apply  to  a  body 
which  resists,  in  any  degree,  a  force  impelling  it  to  a  change 
of  state,  with  regard  to  motion  and  rest;  but  which  may  be 
moved,  if  sufficient  force  be  applied  to  it 

Em,  Of  what  shape  aro  the  ultimate  particles  of  the  gene* 
rality  of  natural  solids? 

Fa.  It  is  the  opinion  of  most  philosophers  I  have  read, 
that  they  are,  for  the  most  part,  spherical;  but  many  different 
ideas  have  been  formed  as  to  the  nature  of  matter.  What 
is  your  opinion,  now,  after  our  conversation  on  the  subject? 

Ch,  Matter  is  said  to  be  infinitely  divisiUe;  and  many  are 
the  argmnents  advanced  in  support  of  that  hypothesis;  yet,  it 
can  only  be  divisible  as  being  composed  of  atoms;  but  an 
atom  cannot  be  divided  by  any  natural  means. 

£m.  Is  there,  then,  any  difference  between  matter  and  body? 

Fa.  Yes:  for  although  bodies  are  composed  of  matter,  those 
terms  are  not  strictly  synonymous.  Bodies  are  capable  of 
being  divided;  because  the  atoms  of  which  they  are  composed 
may,  by  various  means,  be  separated.  The  attenuation  of 
gold  on  wire,  of  which  mention  has  been  made,  is  not  perhaps, 
strictly  speaking,  a  division  of  matter,  but  of  body. 

Ch.  Are  bodies  of  themselves  inactive^  or  inert? 

Fa.  They  must  be  so  until  they  are  forced  into  action.  It 
has  been  well  observed,  in  elucidation  of  this  fact^  that  a 
tranquil  pool  of  water  is  inert;  but  when  made  to  fall  on  a 
mill-wheel,  it  becomes  an  immensely  active  power. 

You  are  becoming  quite  a  philosopher,  Charles;  we  will 
next  explain  the  Attraction  of  Cohesion. 


QUESTIONS  FOB  EXAMINATION. 


Of  what  ii  ererjrthiHg  which  we  Me 
and  feel  composed?  —  How  U  matter 
dtflned  ? —  How  do  you  know  It  U  ex- 
tended and  impenetrable  9 — Do  yon 
reooUect  any  remarkable  inttancet  of 
the  minate  diriiionof  matter?— What 


instances  can  yon  gire  of  the  minnte  di- 
visions of  matter  in  nature  ?  —  How  do 
yon  compare  the  size  of -a  particle  of 
Uood  ?—  Are  not  the  particles  of  ligh$ 
Tery  small? 
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t  father.  Well,  my  dear  children,  have  you  refleplcd  upon 
'~ir  laat  conversation?  Do  you  comprehend  the  several  in- 
kDce«  which  I  cnumemted  ait  examples  of  the  minute  diviaion 
(matb^r? 

^  Em.  Indeed,  Papa,  the  examples  which  you  gave  ua  very 
~  '  cited  my  wonder  and  admiration;  and,  from  the  thin- 
ome  leaf  gold  wliich  I  once  had,  I  can  readily  credit 
II  you  have  said  on  that  part  of  tlie  subject.  But  I  cannot 
'  le  such  small  animals  tia  Mr.  Leslie  describes  in  hid 
J  history:  and  I  am  still  more  Bt  a  loas  to  comprehend 
it  animals  so  minute  should  possess  all  ihe  properties  of  the 
g^er  one;  such  as  a  heart,  veins,  hlood,  fkc. 
,  Fa.  By  (he  help  of  my  solar  microscope,  I  cnn  sliow  you, 
te  next  bright  morning,  very  distinctly,  tjie  circulation  of  thi; 
■iVood  in  a  flea;  and,  with  belter  glasses  than  those  which  my 
jfticroscope  possesses,  the  some  appearance  might  be  seen  in 
creatures  still  smaller  tlian  the  flea;  even  in  those  which  are 
themselves  invisible  to  the  naked  eye.  Dut  we  sliall  onversu 
more  at  large  on  this  subject  when  we  come  to  cousidi-r 
Optics,  and  the  construction  and  use  of  the  Solar  Microscope. 
At  present  we  will  turn  our  thoughts  to  that  principle  in 
nature  which  philosopherw  have  agreed  to  call  Gravily,  or 
Attraction;  and  without  which  properties  solid  bodies  would 
all  crtimble  to  atoms. 

C/i.  If  there  be  no  more  difliculiies  in  philosophy  than  we 
met  with  in  our  last  Lecture,  I  do  not  fear  but  that  we  sliall, 
in  general,  he  able  to  understand  it.  Are  there  not.  Papa 
acvej^l  kinds  of  attraction? 

Fa.  Tcs,  there  are:  twoofwliichit  will  be  sufficient  for  our 
present  purpose  to  describe.  One  is  the  atlruetion  rif'ro/ie.iion : 
the  other,  that  t^  gravitation.  The  attraction  of  cohesion  is 
that  power  which  keeps  the  parts  of  bodies  together  when 
they  toDch,  and  prevents  them  from  eepnrating,  or  which  in- 
clines the  parts  of  bodies  to  unite,  when  they  arc  placc<l  suf- 
ficieotly  noor  to  each  other.     Attraction  is  derived  from  tvio 
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Latin  words,  ad^  "  to,"  and  traho^  "  I  draw:"  and  cohesion 
from  the  Latin  word,  cohcereoy  "  I  hold  together." 

Ch.  Is  it,  then,  bj  the  attraction  of  cohesion  that  the  parts 
of  this  table,  or  of  this  marble-slab,  are  kept  together? 

Fa,  The  instances  which  you  have  selected  are  accurate; 
but  you  might  have  said  the  same  of  every  other  solid  sub- 
stance in  the  room;  and  it  is  in  proportion  to  the  different 
degrees  of  attraction  with  which  different  substances  are 
affected,  that  some  bodies  are  hard,  others  soft,  others  tough, 
thick,  thin,  &c.  The  three  different  forms  which  matter  as- 
sumes— soHd,  liquid,  and  gaseous — are  determined  by  the 
d^ree  of  cohesive  force  existing  among  the  ekmentary  par-' 
ticles.  In  solids  it  is  the  great  quantity  of  this  force  which 
causes  solidity;  in  Uquids  it  is  les3  powierful,  and  in  g€ues  or 
aeriform  fluids,  its  force  is  so  imperceptible  as  to  assume 
rather  a  repulsive  than  an  attractive  tendency.  The  cohesive 
power  of  bodies  cannot  be  accurately  ascertained;  but  various 
experiments  have  been  made  to  ascertain  the  different  degrees 
of  cohesion,  belonging  to  the  various  kinds  of  wood,  metals, 
and  other  substances.  You  will  find  much  information  oa 
this  subject  in  Leslie's  Natural  Philosophy;  and  in  the  ex- 
periments of  Professor  Barlow  in  his  work  on  ^  The  strength 
of  materials,"  and  in  the  experiments  of  Mr.  Greorge  R^mie, 
and  likewise  in  Young's  Lectures  on  Natural  Philosc^hy. 

Ch,  You  once  showed  me  that  two  leaden  bullets  having  a 
little  scraped  from  their  surfaces,  would  in  some  way  stick 
together  with  great  force.  You  called  that,  I  think,  the  o^ 
traction  of  cohesion? 

Fa,  No,  my  dear;  this  is  not  exactly  a^esiony  but  eulhe* 
sion;  there  is  this  difference,  cohesion  is  that  force  of  attrac- 
tion by  which  the  particles  of  a  body  are  kept  attached  to  each 
other,  and  also  by  which  they  resist  separation;  while  adhesion 
is  that  attractive  force  existing  between  two  different  bodies 
brought  into  contact,  as  a  drop  of  water  on  a  piece  of  glass, 
or  the  two  leaden  bullets  you  are  alluding  to:  those  who 
have  made  this  experiment  with  great  attention  and  accuracy, 
do  assert,  that  if  the  flat  surfaces  which  are  presented  to  one 
another  be  but  a  quarter  of  an  inch  in  diameter,  scraped  yery 
smooth,  and  forcibly  pressed  together  with  a  twist,  a  weight 
of  a  hundred  pounds  is  frequency  required  to  separate  them. 
As  it  is  by  the  attraction  of  cohesion  that  the  parts  of 
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H^id  bodies  are  kept  together,  »o  when  any  substance  b 
wparated  or  broken,  it  is  only  th«  attraction  lit'  CDhesion  that 
is  overcome  in  that  particular  part- 

£m.  Then,  Papa,  when  I  luid  ilie  misfortune,  llus  morning 
at  breakiiut,  to  let  mj  sau'.'er  fall  from  roj  banila  to  the 
groond,  by  which  it  was  broken  into  several  pieees,  wai*  it 
only  the  altraetion  of  eohetvm  thut  wad  overcome  by  the 
piiO  of  the  saucer  being  separated  by  its  fall? 

Fa.  Certainly:  for,  whether  you  unluckily  break  the  china, 
or  cut  ft  stick  with  your  knife,  or  melt  lead  over  the  Si-e,  as 
yonr  brother  sometimes  doe^  in  order  to  make  plummets, 
the«e  and  a  thousand  other  iosttuices  which  are  continually 
occurring,  ttre  but  examples  in  which  the  cohesion  is  over- 
come bjF  the  fall,  the  knife,  or  the  tire. 

Em.  The  broken  saucer  being  highly  valued  by  Mamraa, 
she  has  taken  the  pains  to  join  it  again  with  nhite  lead.  Wag 
"  is  performol  by  means  of  tho  atlraclion  of  cohesion? 
Fa.  It  was,  my  dear;  and  hence  you  will  easily  learn  that 
Oij  operations  in  the  arts  and  in  cookery  are,  in  fact, 
"  'ng  more  than  different  methods  of  effecting  this  attrac- 
Thus  flour,  by  it«elf,  luia  little  or  nolhiug  of  this  prin- 
bat  when  mixed  with  milk,  or  other  liquids,  to  a 
t  consistency,  the  parts  cohere  strongly;  and  this  cohe- 
in  many  instaoceii,  becomea  still  stronger  by  means  of 
t  beat  applied  to  it  in  boiling  or  baking, 
[  Ch.  Tou  put  me  in  mind,  Papa,  of  the  fable  of  tite  man 
ing  hot  and  cold:  for,  in  the  instance  of  the  lead,  tire 
wmes  the  attraction  of  cohesion;  and  the  same  power, 
1,  when  applied  to  puddings,  breail,  &c.,  causes  their  parts 
9  cohere  more  powerfully.  How  are  we  to  understand  this? 
Fa.  I  will  endeavour  to  remoYO  your  difficulty.  Heat  ex- 
pands nil  bodies  without  exception,  as  you  shall  see  before  we 
iiave  finished  our  lectures.  Now,  fire  applied  to  raetab,  in 
order  to  melt  them,  causes  such  aa  espansioo  of  their  particles, 
that  they  are  thrown  out  of  each  other's  attraction;  whereas 
the  hc«t  communicated  in  tlie  operations  of  cookery  is  sufficient 
to  expand  the  particles  of  flour,  but  is  not  enough  to  overcome 

I  lite  attraction  of  cohesion.  Besides,  your  Mamma  will  teU  you 
duit  the  heat  of  boiling  would  frequently  disunite  the  parts  of 
which  her  puddings  are  composed  if  she  did  not  take  the  pro- 
outtioii  of  enclosing  tbem  in  a  cloth,  leaving  them  just  room 
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enough  to  expand  without  the  liberty  of  breaking  to  pieces; 
and  Uie  moment  thej  are  taken  from  the  water  thej  lose  their 
superabundant  heat  and  become  solid. 

£m.  When  the  cook  makes  broth,  it  is  the  heat,  therefore, 
that  overcomes  the  attraction  which  the  particles  of  meat  have 
for  each  other;  for  I  have  seen  her  pour  off  the  broth,  and 
the  meat  is  all  in  rags.  But  will  not  the  heat  overcome  the. 
attraction  which  the  parts  of  the  bones  have  for  each  other?  • 

F'a.  The  heat  of  boiling  water  will  never  effect  this;  but  a 
machine  was  invented  several  years  ago,  by  a  Mr.  Papin,  for 
that  purpose.  It  is  called  Papin's  Digester,  and  has  been  em- 
ployed  in  taverns,  and  in  many  large  families,  for  the  purpose 
of  dissolving  bones;  and  it  effects  it  as  completely  as  a  less 
degree  of  heat  will  liquefy  jelly.  On  some  future  day  I  will 
show  you  an  engraving  of  this  machine,  and  explain  its  dif- 
ferent parts,  which  are  extremely  simple.* 

QUESTIONS  FOB  EXAMINATION. 


What  instnnneiit  is  used  to  diaoem 
▼ery  small  ot^JecU? — What  are  the 
kinds  of  graTity  tvhich  are  applicable 
to  the  Bdence  of  llECHAincs? — How 
do  you  define  the  attraction  nfeoherion  t 
•—What  is  the  cause  that  some  bodies 
are  soft,  others  hard,  &c.  ? — How  is  the 
power  of  cohesion  exhibited  in  the  case 
of  leaden  ballets? — What  is  the  caase 
of  things  being  broken?  —  Give  me 


some  instances  in  which  the  attractioa 
of  cohesion  is  oyercome? — Is  the  prin- 
ciple of  cohesion  applicable  to  the  oper- 
ations of  cookery  ? — Does  heat  in  some 
instances  weaken  the  power  of  the  at- 
traction, and  in  others  make  it  act  more 
powerftilly  ? — Can  you  explain  the  rea- 
son of  this  ? — Upon  what  prlncii^e  is 
broth  made? — IIow  are  bones  dis- 
solred? 


CONVERSATION  IV. 


OF   THE   ATTRACTION   OP   COHESION continued. 


Father,  I  will  now  mention  some  other  instances  of  this 
great  law  of  nature.  But,  observe  first,  that  no  sensible 
attraction  takes  place  in  those  bodies  whose  surfaces  are 
rough  and  uneven,  for  though  in  actual  contact,  yet  they 
touch  each  other  only  by  a  few  points:  if  I  lay  a  book  on 
the  table  it  will  not  adhere  because  of  the  roughness  of  the 

•  Sec  Conversation  XIX. 
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indin^  and  tberetbre  so  fc-iv  of  the  pnrticies  of  iU  sur* 
e  come  id  contact  with  the  tabic;  but  surfaces  perfectly 
bt  aud  well  polisliei),  placed  in  contact,  have  tbeir  particles 
inch  in  sulEcient  tiumher,  and  closely  enough  to  pro- 
n  sensible  degree  of  cohesive  attraction.  If  two  polished 
1  of  marble,  or  broa?,  or  two  pieces  of  glass,  b«  put 
Igether,  tbey  will  ndhere  so  powerfully  as  to  require  a  very 
isidenble  force  to  separate  them.  Two  globules  of  quick* 
Hrer  placed  very  near  to  each  other  will  run  together  and 
;  large  drop.      Drops  of  water  will  do  the  same. 

0  circular  pieces  of  cork  placed  upon  water,  about  on  inch 
t,  will  run  together.     Balance  a  piece  of  smooth  board  on 

e  end  of  a  fcnlebcam  ;  then  let  it  lie  flat  on  water;  and  five 
:  times  it»  own  weight  will  be  required  to  separate  it 

1  the  water.     Dr.  Brook  Taylor  adopted  this  method  to 
Simate  the  force  of  adhet'uni.     If  a  small  globule  of  quick- 

flver  be  laid  on  dean  paper,  and  a  piece  of  glass  be  brought 

a  contact  with  it,  the  quicksilver  will  adhere  to  it,  and  be 
a  away  from  the  paper;  hut  bring  u  larger  globule  into 
intact  with  the  smaUer  one,  it  will  foi'sake  the  glass  and 
frith  the  other  quicksilver. 

Ch.  Did  not  you  tell  me.  Papa,  that  it  was  by  meane  of 
m  nfadiimon  that  a  little  tea  left  at  the  Imttom 
of  the  cup  instantly  ascends  a  lump  of  sugar  when  thrown 
into  it? 

Fa.  The  ascent  of  water  or  other  liquids  in  sugai-,  sponge. 
and  all  porous  bodies,  is  a  species  of  this  attraction:  but  it  is 
called  capillary  attToetion.  It  is  thus  denominated  from  the 
property  which  tubes  of  a  very  small  bore,  scarcely  larger  than 
to  admit  a  hair,  possess  of  causing  water  to  stand  above  ito 
level.  The  word  capillary  is  from  capitliu,  the  Latin  word 
for  hair. 

Ch.  la  this  property  visible  in  no  other  tubes  than  those 
whose  bores  are  so  exceedingly  fine  ? 

Fa.  Tes!  it  is  veiy  apparent  in  tubes  whose  diameters  are 
one-tenth  of  an  inch,  or  more;  but  the  smaller  the  bore,  the 
higher  the  fluid  rises;  for  it  ascends,  in  all  instances,  till  the 
Weight  of  tlie  colinnn  of  water  in  the  tube  balances,  or  is 
equal  to  the  attraction  of  the  tube.  By  immersing  rIhss 
tubes  of  different  bores  in  a  vessel  of  coloured  water,  you  will 
tee  ibat  the  water  rises  as  much  higher  in  the  smaller  tube. 
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than  in  the  larger,  as  its  bore  is  less  than  that  of  the  bi^er. 
The  WBter  will  rise  a  quarter  of  an  iueh  in  a  tube  whose 
bore  19  about  one-eighth  of  an  inch  iu  diameter,  aiid  tliere 
remain  Busponded. 

This  kind  of  attraction  ia  well  illustrated  by  ^i 
taking  two  pieces  of  glass  joined  together  at 
the  side  be,  and  kept  a  little  open  at  the  y 
opposite  side  ad,  by  a  small  piece  of  cork,  e. 
In  this  position  immerse  them  in  a  dish  of 
coloured  water,/ff,  and  you  will  observe  that 
the  attraction  of  the  glass  at,  and  near  be,  will  cause  tba 
fluid  to  ascend  to  fi .-  whereas,  about  the  parts  d,  it  scarcely 
risea  abore  the  level  of  the  water  in  the  vessel. 

Ch.  I  see  that  a  curve  is  formed  by  the  water. 

Fa.  Even  so;  and  to  this  curve  there  are  many  curious 
propertiea  belonging,  as  you  will  hercafW  be  able  to  investi- 
gate  for  yourself.  A  lump  of  sugar,  sponge,  bread,  linen, 
blotting-paper,  and  all  porous  substances,  may  be  considered 
HS  collections  of  capillary  tubes  ;  for  if  one  extremity  be 
brought  in  contact  with  water,  the  fluid  will  pass  completely 
through  it  and  wet  the  whole  substance.  A  moss  of  wetted 
thread,  or  a  towel  hanging  over  the  edge  of  a  basin  from  the 
■water  within  it,  will,  by  capillary  action,  completely  empty 
it  The  rise  of  the  oil  or  spirit  in  the  wick  of  a  lamp,  of  the 
Bap  in  trees,  and  the  functions  of  the  excretory  vascular  sys- 
tem in  plants  and  animals,  depends  on  capillary  attraction. 

Em.  Is  it  not  upon  the  principle  of  the  attraclion  t^coht' 
tion  that  carpenters  glue  their  work  together? 

Fa.  It  is;  and  upon  the  sanio  principle  braziers,  tinmen, 
plumbers,  &c.,  solder  tlieir  metals;  smiths  also  unite  difierent 
bsjB  of  iron,  by  means  of  heut,  and  bricklayers  and  masons 
unite  their  materials  by  means  of  mortar  ana  cement.  These 
and  a  thousand  other  operations,  which  we  continually  wit- 
ness, depend  on  the  same  principle  as  that  which  induced 
your  Mamma  to  use  tlio  white  lelwl  in  mending  her  saucer. 
But  you  must  bear  in  mind  that  although  white  leail  is  fre- 
quently used  as  a  cement  for  broken  china,  glossi  and  earthen- 
ware, yet,  if  the  vessels  are  to  be  brought  again  into  use  it, 
is  not  a  safe  cement,  because  it  is  an  active  poison;  besides, 
one  much  stronger  has  been  discovered,  I  believe,  by  a  veiy 
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kl  had  it  fnmi  him  several  yefira  n^o:  it  consisti  eimplj 

^  mixtnrc  of  quick-lime  and  white  of  egg,  or  newly-mwic 

,  rendered  nofl  by  warm  water,  utd  worked  up  to  a 

r  consiatency. 

.  Is  it  possible,  dear  Papa,  that  such  a  grent  pUikwiplier 
Iwre  heard  jou  say  Dr.  logeiilioUE  v/oa,  could  attend  to 
^eo  trifling? 

I.  He  was  a  man  deeplj  skilled  in  many  brancheg  of 

X',  and  I  hope  that  jou  and  your  brother  will  one  day 

irselrai  acquainted  with  maay  of  his  important  dis- 

No  real  philosopher  will  consider  it  beneath  hia 

to  add  to  the  conveniencies  of  life. 

his  attmction  of  cohesion  seems  to  pervade  the  whole 

.  It  does:  but  yon  "will  not  forget  llint  it  net*  only  at 
f  tmdi  distoncea.     Some  bodies,  indeed,  nppear  to  posaess 
r  the  reverse  of  the  attraction  of  cohesion. 
.  What  is  that.  Papa? 
Fa.  It  is  called  repvUion.     Thus,  water  repels  most  bodies 
till  they  are  wet.     A  small  nee<lle,  nibbeit  with  oil,  and  care- 
ibQj  placed  on  water,  will   Bwira:  nnd  fiies  may  walk  on 
letter  without  n~etting  their  feet. 


The  i-spour  wc  call  dew,  and  rain  Al«),  in  descending  assume  by 
attraction  the  form  of  drops:  now  the  drops  of  dew,  which 
coriy  m  the  morning  appear  on  plants,  parlicularly  on  blades 
of  groM  and  cabbage  plants,  where  they  .assume  a  globular 
Emn  from  the  mutual  attraction  existing  in  the  particles  of 
water,  will  be  found,  on  examination,  not  to  adhere  to  the 
leaie«;  for  they  will  roll  off  in  compact  bodies;  which  could 
not  be  the  case  if  there  aub«ated  any  degree  of  attraction 
between  the  water  and  the  leaf. 

If  a  stnall  thin  piece  of  iron  be  hiid  upon  quicksilver,  the 
rrpsltitm  between  the  different  metals  will  muse  the  surface 
of  the  quicksilver  near  the  iron  to  be  depressed. 

The  repelling  force  of  the  particles  of  a  fluid  is  but  small: 
therefore,  if  a  fluid  he  divided,  it  easily  unites  again;  but  if 
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glass,  or  any  hard  substance  be  broken,  the  parts  cannot  be 
made  to  adhere  without  being  first  moistened;  because  the  re* 
pulsion  is  too  great  to  admit  of  a  re-union. 

The  repelling  force  between  water  and  oil  is  likewise  so 
great,  that  it  is  impossible  to  mix  them  in  such  a  manner  as 
to  prevent  their  separation. 

If  a  ball  of  light  wood  be  dipped  in  oil,  and  then  put  into 
water,  the  water  will  recede  so  as  to  form  a  small  channel 
round  the  ball. 

I  maj  add  here,  that  there  is  no  attraction  of  cohesion 
between  the  separate  parts  of  pulverized  bodies;  grains  of 
powder,  sand,  &c.,  have  no  sensible  attraction,  because  they 
are  not  in  sufficiently  close  contact. 

Ch.  How  is  it,  Papa,  that  cane,  steel,  and  many  other 
things,  can  be  bent  without  breaking,  and,  when  set  at  liberty 
again,  recover  their  original  form? 

Fa,  The  circumstance  of  a  piece  of  steel,  or  cane,  recovering 
its  usual  form  after  being  bent,  is  owing  to  a  certain  power, 
called  elasticity;  which  may,  perhaps,  arise  from  the  particles 
of  those  bodies,  though  disturbed,  not  being  drawn  out  of  each 
other's  attraction:  therefore,  as  soon  as  the  force  upon  them 
ceases  to  act,  they  restore  themselves  to  their  former  position. 
The  term  elastic  is  derived  from  the  Greek  elaste  {iKaorri)  "  a 
spring,"  from  elauno  {kkavvui)  "  I  draw.** 

What  have  you  now  learned  from  the  two  latter  conversa- 
tions? 

Ch.  I  find,  first,  that  paliicles,  possessed  of  large  surfaces 
of  contact,  adhere  most  strongly  together;  and  secondly,  that 
those  particles  which  touch  each  other  in  a  few  pointi^  com* 
pose  soft  and  fluid  Jx)dies,  on  account  of  the  small  force  with 
which  their  parts  adhere  together.  This  is  probably  the  cause 
of  elasticity  in  some  bodies;  as  it  seems  to  depend  on  the  co- 
hesive force  which  restores  the  particles  to  their  first  relative 
situation,  when,  by  any  external  impulse,  they  have  been  re- 
moved to  a  very  small  distance  fix)m  each  other. 

Fa.  What  further  observations  have  you  to  make? 

Ch.  I  think  I  understand  that  the  particles  of  matter  whose 
attraction  is  but  very  little  more  than  their  weight,  constitute 
»  fiuid;  that  those  particles  whose  weight  is  greater  than  their 
attraction  can  produce  only  an  incoherent  moss,  like  a  heap  of 
•and;   that  those  particles  whose  attraction  is  very  much 
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greater  than  their  weight  form  a  compact  and  solid  bodj;  and 
that,  if  the  attraction  exceed  the  weight  of  the  particles  in 
onlj  a  moderate  d^ree,  thej  will  compose  a  soft  hodj. 


QUESnOXS  FOR  EXAMINATIOK. 


UenUon  fome  in«tiiiic<>i  in  which 
the  •ttnctiou  of  oobesioii  acts.  — 
tTpon  what  principle  does  water  or 
other  liqnidi  ascend  in  sogar,  sponge, 
ice  ? — ^From  whence  does  the  term  ca- 
pOIarj'  attraction  arise  ?  —  Does  capO- 
laiy  attraction  act  in  any  tnbes  except 
those  of  exceedingly  fine  hores? — 
What  experiments  idll  show  capillary 
attnetion  ?  —  Upon  what  ^nciple  do 
cnpenters  and  others  gloe  the  sereral 


parts  of  their  work  together? — Doyoi| 
recollect  any  other  instances  of  the 
action  of  Uie  principle  of  cohesion  ?—> 
How  does  tiie  principle  of  cohesion  act? 
What  do  yon  mean  hy  repulsi^nf-^ 
Mention  some  instances  in  which  the 
power  of  repnlsion appears  to  act? — 
Why  do  cane,  steel,,  and  many  other 
things,  after  being  bent,  rceorer  their 
original  fbrm  again  ? — Bow  is  elasticity 
aceoonted  lor? 


CONVERSATION  V. 


OF   THE   ATTRACTION   OF  GRAYITATIOM. 


Father.  We  will  now  proceed  to  discuss  another  very  im- 
portant and  general  principle  in  nature;  namely,  the  aUraC" 
Han  of  gravitation^  or,  as  it  is  frequently  termed,  gravity; 
which  is  the  power  inclining  distant  bodies  towards  each  other. 
Of  this  we  have  perpetual  instances  in  the  Mling  of  bodies  to 
the  earth;  and  we  may  at  the  same  time  observe,  that  the 
same  cause  which  occasions  the  fisdl  of  bodies  produces  also 
their  weight;  in  other  words,  it  is  the  attraction  of  gravita-^ 
tion  whidi  makes  bodies  heavy;  the  power  which  brings 
bodies  that  are  unsupported  to  the  ground,  causes  those  which 
are  supported  to  press  upon  the  objects  which  prevent  their 
&11  with  a  weight  equal  to  the  force  with  which  they  gravitate 
towards  the  earth.  This  power,  which  is  inherent  in  the 
earth,  is  called  the  force  of  gravity;  the  act  of  a  body  pressing 
downwards  towards  the  earth,  is  called  the  gravitation  of  that 
body;  and  the  exact  amount  of  gravitation  residing  in  any 
\K)dj  is  termed  the  weight  of  that  body. 

Ch.  Am  I,  then,  to  understand  that,  whether  this  marble 
fall  from  my  hand,  or  a  loose  brick  from  the  top  of  the  houses 
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^  an  apple  from  a  tree^  all  these  fall  hj  the  attractum  rf 
fravUyf 

Fa.  It  is  by  the  power  oommonlj  expressed  under  the  term 
gravity  that  all  bodies  whatever  have  a  tendency  to  the  earth; 
and,  unless  supported*  they  will  fall  to  the  earth  in  lines 
nearly  perpendicular  to  its  surface:  the  term  gravity  is  from 
the  Latin  word  gravis^  "  heavy." 

Em,  But  are  not  smoke,  steam,  and  other  light  bodies^ 
which  we  see  asoend,  exceptions  to  the  general  rule? 

Fa,  It  appears  so,  at  first  sight;  and  it  was  formerly  re- 
oeived  as  a  general  opinion  that  smoke,  steam,  &c.  possessed 
no  weight  The  discovery  of  the  air-pump  has,  however, 
shown  the  fallacy  of  this  notion;  for  in  an  exhausted  reoeiver 
(that  is,  in  a  glass  jar,  from  which  the  air  has  been  withdrawn 
by  means  of  the  air-pump)  smoke  and  steam  descend  by  their 
own  weight  as  completely  as  a  piece  of  lead.  When  we  come 
to  converse  on  the  subjects  of  Pneumatics  and  Hydrostatics, 
you  will  understand  that  the  reason  why  smoke  and  other 
bodies  ascend  is  simply  because  they  are  hghter  than  the  at- 
mosphere which  surrounds  them;  and  the  moment  they  reach 
thiit  part  of  it  which  has  the  same  gravity  as  themselves,  they 
cease  to  rise.  Upon  the  same  principle  a  cork,  or  a  drop  of 
cnl,  if  forced  to  the  bottom  of  a  vessel  of  water,  rises  to  the 
top  as  soon  as  it  is  set  at  liberty. 

Ch,  Is  it,  then,  by  this  power  ii^i  gravity  that  all  terrestrial 
bodies  remain  firm  on  the  earth? 

/b.  By  gravitVy  bodies  on  all  parts  of  the  earth  (which  you 
know  is  nearly  of  a  globular  form)  are  kept  on  its  surfkoe;  be- 
oause  they  all,  wherever  situated,  tend  to  the  centre;  wherefore, 
the  inhabitants  of  New  Zealand,  although  nearly  opposite  to  our 
feet,  stand  as  firmly  on  the  earth  as  we  do  in  Great  Britain. 

Ch,  This  is  difficult  to  comprehend:  nevertheless,  if  bodies 
on  all  parts  of  the  surface  of  the  earth  have  a  tendency  to 
the  centre,  there  seems  no  reason  why  bodies  should  not  stand 
as  firmly  on  one  part  as  on  another.  Does  this  power  of 
gravity  act  alike  on  all  bodies? 

Fa,  It  does,  without  any  regard  to  their  figure,  or  sixe;  for 
attraction^  or  gravity y  acts  upon  bodies  in  proportion  to  the 
quantity  of  matter  which  they  contain;  that  is,  fbur  times  a 
greater  force  of  gravity  is  exerted  upon  a  weight  of  four 
pounds,  than  upon  one  of  a  single  pound.     So^  also»  a  bodtjp 
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coiKtrting  of  1000  porddes  of  matter,  reqaires  ten  tmies  tlie 
force  of  BttractioD  to  bring  it  to  the  ground  is  the  same  space 
of  tiiD«,  lh»I  a  body  consisting  of  onlj  100  particles  does.    If 
jan  draw  towards  you  two  bodies,  the  one  of  100,  the  other 
of  lOOOlba.  weight,  will  jou  not  be  obliged  to  exert  tea  times 
as  much  strengtb  to  draw  the  heavier  one  to  yoii  in  the  same 
tiiDe  that  wouU  be  reqaired  for  tbe  lighter  one?     The  con- 
MqacDcc  of  this  principle  ia,  thai  all  bodies,  at  equal  distances 
from  the  eitrth,  fall  with  equnl  velocity. 
£m.  What  do  70a  mean,  Fapn,  by  vetociir/  ? 
Fa.  I  wlU  explain  it  by  an  ex&mple  or  two.     If  you  and 
Charles  set  out  together,  and  #om  walk  a  mile  in  half  an  hour, 
bnt  At,  by  walking  and  runnin",  gets  over  two  miles  in  the 
MTOiB  time,  how  much  swifWr  will  he  go  than  you? 
£ni.  Twice  as  swift, 

,  He  does;  because,  in  the  same  time,  he  passes  over 
wice  as  much  space;  therefore  we  say  liis  velocity  is  twice 
»  great  as  yours.  Suppose  a  ball,  fired  from  a  cannon,  to 
«  through  SUO  feet  in  a  second  of  time,  and  in  the  mmo 
Q  your  brother's  arrow  passes  tlirougb  100  feet  only,  how 
inch  swifter  does  the  cannon  ball  lly  than  the  arrow? 
£m.  Eight  times  swifter. 

Fa.  Then  it  has  eight  times  the  velocily  of  the  arrow:  and 
*  joQ  understand  that  swiftness  and  velocity  are  synony- 
s  terms,  and  that  the  velocity  of  a  body  is  measured  by 
tbe  apac«  it  passes  over  in  a  given  time,  as  a  second,  a  minute, 
IB  hour,  He. 

'  £m.  If  I  let  a  piece  of  metal,  as  a  penny-piece,  and  a  feji- 
r  fall  tram  my  hand  at  tbe  same  time,  the  penny  would 
ch  the  ground  much  sooner  than  the  feather.  How  do  you 
count,  Pafa,  for  this,  if  all  bodies  are  equally  affected  by 
vitation,  and  descend  with  equal  velocily,  when  at  the 
le  distance  from  the  earth? 
I  Fa.  Though  the  penny-piece  and  feather  will  not,  in  the 
<en  air,  full  with  equal  vclodty,  yet,  if  tbe  air  be  taken 
raj,  which  is  easily  done  by  n  little  apparatus  connected 
'  U  tl»  «ir>pump,  they  will  descend  in  the  eamo  time:  thera- 
I,  the  tJtie  reason  why  light  and  heavy  bodies  do  not  fall 
h  «qual  Telocity  is,  that  the  former,  in  proportion  to  its 
ight,  meets  with  a  much  greater  resistance  from  the  air 
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Ch.  It  is  theu  from  the  same  cause,  I  imagine,  that,  if  1 
drop  a  pemi J  and  a  piece  of  wood  into  a  vessel  of  water,  *  the 
penny  will  reach  the  bottom,  but  the  wood,  after  descending 
a  little,  rises  to  the  surface. 

Fa.  In  this  case,  the  resisting  medium  is  water  instead  of 
lur;  and  the  copper  penny,  being  about  nine  times  heavier 
than  its  bulk  of  water,  falls  to  the  bottom  without  any  appa- 
rent resistance;  while  the  wood,  from  being  much  lighter  thau 
water,  swims  on  its  surface;  bj  its  momentum^  however,  it 
sinks  a  little,  yet,  as  soon  as  that  is  overcome  by  the  resisting 
medium,  it  rises  as  before  observed.  The  term  momentum  I 
will  explain  in  our  next  conversation. 


QUESTIONS  FOB  EXAMINATION 


Haw  is  the  attraction  of  gravitation 
defined  ? — Give  some  fiunilitf  instances 
bk  whieh  the  law  of  gravity  or  gravita- 
tion acts.  —  In  what  dirMtiou  do  bo- 
dies fkll  towards  the  earth  ? — Is  this  a 
general  law  without  any  exceptions  ?— 
By  what  power,  and  why  do  bodies  re- 
main firm  on  the  earth  ?^  How  is  it 
that  gravity  acts  alike  on  all  bodies  ? — 
Do  bodies  at  equal  distances  from  the 
«arth  fall  towards  it  witli  equal  velo- 


city ? — Explain  to  me  what  is  meant  by 
velocity. — Are  velocity  and  swiftness  sy- 
nonymous terms  ? — How  is  the  velocity 
of  a  body  measured? — If  a  penny- 
piece  and  a  feather  be  let  faU  together, 
how  is  it  that  the  penny  reaches  the 
ground  fint  ?  —  Suppose  the  penny  and 
a  piece  of  wood  be  let  fall  in  a  vessel  of 
water,  Vhy  does  the  copper  go  to  the 
bottom,  and  the  wood,  after  a  short 
descent^  rise  again  to  the  sui&ce  ? 


CONVERSATION  VI. 


OF  THE   ATTRACTION   OP   GRAVITATION. 


Emma.  The  term  momefUum,  which  70U  made  use  of  yes- 
terday, you  promised  to  explain  to  us,  to-day:  what  is  it,  Papa? 

Fa.  If  you  have  understood  what  I  have  said  respecting 
the  veloci^  of  moving  bodies,  you  will  easily  comprehend 
what  is  meant  by  the  word  momentum. 

The  momentum^  or  moving  force  of  a  body,  is  the  quantity 
of  matter  multiplied  by  its  quantity  of  motion;  that  is,  its 
weight  multiplied  into  its  velocity.  The  quicker  a  body 
moves,  the  greater  will  be  the  force  with  which  it  will  strike 
against  another  body.  For  instance,  you  may  place  very 
gently  a  pound-weight  upon  a  china  plate  without  any  danger 
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of  breaking  it;  but  if  you  let  it  fall  firom  tlie  liciglit  of  nnly  a 
few  inches,  it  will  dash  the  china  to  pieces.  In  the  first  caae, 
the  plate  baa  onlj  the  pound  weight  to  sustain ;  in  the  other, 
it  has  lo  gusltua  the  weight  multiplied  into  the  velocity,  or,  to 
Kp«ak  in  a  more  simple  manner,  the  weight  is  to  be  multiplied 
inin  the  distance  from  which  it  fell. 

If  a  ball  a   merely  lean  against  an  ob-  ,    ^ 

fitacte  6,  it  will  not  be  able  to  overturn  it;  _  lf^?==^f|i] 
but  if  it  be  taken  up  to  e,  and  suffered  to  -^id—l—iiy 
toll  down  the  inclined  plane  cd  against  tlie  ^'K'  '•■ 

obstacle  b,  it  will  certainly  OTcrlhrow  it.  In  the  former  case, 
b  would  only  have  to  resist  the  weight  of  the  ball  a;  in  the 
latter,  it  has  to  resist  the  weight  multiplied  into  its  motion, 

CA.  TIte  momentum,  therefore,  of  a  small  body,  whose  vc- 
I  locity  is  very  great,  may  be  equal  to  that  of  a  very  large  body 
'ha  bIow  motion,  that  in,  whose  velocity  is  small. 
.  ^a.  It  may:  and  hence  you  see  the  reason  why  the  immense 
g  rams,  used  by  the  ancients  in  the  art  of  war,  have 
n  place  to  cannon  balls  of  but  a  few  pounds  weight. 
B^  Ch.  I  do:  for  what  is  wanting  in  weight  is  mode  up  by 
friocity. 

fa.  Can  you  tell  me  what  velocity  a  cannon  ball  of  28 
tonndd  must  have  to  effect  the  same  purpose  as  would  be  pro- 
i  by  a  battering  ram  of  15,CMX)  pounds  weight,  and  which 
f  manual  strength  could  be  moved  at  the  rate  of  only  two 
it  in  a  second  of  time? 
Ci.  I  think  I  can.  The  tnomentum  of  the  battering  mm 
I  be  estimated  by  its  weight,  multiplied  into  the  space 
il  over  in  a  second,  that  is,  the  15,000  must  be  multiplied 
f  the'  two  feet,  which  equals  30,000,  wliich  is  the  momentum: 
yr,  this  must  also  be  the  momentum  of  the  cannon  ball,  and 
r  it  be  divided  by  the  weight  of  the  boll,  it  will  give  the  re- 
inty  required;  thus  30,000  divided  by  28,  will  give  a 
lotient  of  1072  nearly,  which  is  the  velocity,  or  number  of 
which  the  cannon  ball  must  pass  over  in  n  second  of  time, 
■  order  that  the  momentum  of  the  battering  ram  and  the  ball 
My  be  equal;  or,  in  other  words,  that  they  may  have  the 
,Bine  effect  in  beating  down  an  enemy's  wall. 
.  £»,  I  now  fully  comprehend  what  the  momenlwn  of  a 
)dy  is:  for  if  1  let  a  stone  or  ball  accidentally  full  upon  my 
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foot,  it  gives  me  more  pain  than  the  pressure  onfy  of  a  we^jll 
several  times  heavier. 

Ch.  If  the  attraction  of  gpravitation  be  a  power  bj  whkb 
bodies  in  general  tend  towards  each  other,  wkj  do  aU  bodies  ' 
tend  to  the  earth  as  a  centre? 

Fa.  I  have  already  told  jou  that  bj  the  great  law  of  gi»» 
vitation,  the  attraction  of  all  bodies  is  in  proportion  to  ths 
quantity  of  matter  which  thej  oontain.  The  earth^'therefon^ 
being  so  immensely  large,  in  comparison  with  aU  other  siib* 
stances  in  its  vicinity,  destroys  the  effect  of  this  attraotks 
between  smaller  bodies  by  bringing  them  all  to  itself.  If  wa 
let  fall  two  balls,  at  a  small  distance  apart,  firom  a  high  towsTf 
although  they  have  an  attraction  for  each  other,  yet  we  sbai 
find  that  it  will  be  as  nothing  when  compared  with  the  aV 
traction  by  which  they  are  both  impelled  to  the  earth:  eon- 
sequently,  the  tendency  which  they  mutually  have  of  »> 
proaching  one  another  will  not  be  perceived  in  the  falL  Bt 
however,  any  two  bodies  were  placed  in  free  space,  and  cot 
of  the  sphere  of  the  earth's  attraction,  they  would,  in  that  eaas^ 
assuredly  fall  towards  each  other,  witii  a  velocity  proportioiiei 
to  their  nearness.  If  the  bodies  were  equal,  they  would  meet 
in  the  middle  point  between  the  two;  but  if  tiiey  were  vat^ 
equal;  they  would  then  meet  nearer  the  larger  one,  in  pio- 
portion  to  the  quantity  of  matter  which  that  contained. 

C%.  According  to  this  law,  th^  the  earth  ought  to  move 
towards  falling  bodies  as  wdil  as  those  bodies  move  towards 
the  earth. 

Fa*  Certainly  it  ought;  and,  in  theory,  it  does  so;  but 
when  you  calculate  how  many  million  of  times  larger  the 
earth  is  than  anything  belonging  to  it;  and  observe  the  com* 
paratively  small  distances  firom  which  bodies  can  possibly  hXL, 
you  will  then  know  that  the  point  where  th^  fflJUng  bodies 
and  earth  will  meet  is  at  a  distance  firom  its  surface  far  toa 
small  to  be  conceived  by  the  human  imagination.  Tou  maj 
possibly  imagine,  too^  that,  according  to  this  theory,  the  hilka 
would  attract  the  houses  and  churches  towards  them.  The 
hUls  no  doubt  exert  this  influence,  but  they  cannot  move  the 
buildings,  because  they  can  neither  overcome  the  attraction  o£ 
cohesion  between  the  bricks  and  m(»rtar^  nor  that  of  gravity,, 
which  fixes  the  wall  to  the  ground.  There  are,  however, 
aome  instances  in  which  the  attractkm  of  a  large  body  baa 


wDMbly  countenM'tei]  tbftt  nf  the  earth.  If  a  man,  gtnndiag 
on  the  d«i-Iiviiy  of  an  abrupt  inouatain,  hold  a  plum-line  ia 
liii  hand,  the  weight  will  not  fall  i>erpendiciilarly  to  the  earth, 
bul  incline  a  little  towanla  the  mutiutiun;  and  tbis  is  owing  to 
the  lateral  or  side  attraction  of  the  mountain  interfering  with 
^  perpendicalar  attraction  of  the  earth. 

we  will  reauiBfl  the  subject  of  GravUg  to-morrow. 

QUESTlOttS  rOB  KJEAMIKATION. 

fftat  f>  tbe  n«ailti£  oT  Ibe  l«in     thli  li  Mtimiud  ?  —  If  tno  fi)<»l  biilli 
~       "  '         ~  deaecQj,  one  Croiu  tbe  tidftit  uf  tvclte 

iaiAa.  wd  i)ie  oilier  IWm  tbitt  of 
imoty-four  inclics.  vUl  Um  momeDlom 
of  thB  one  be  (lunbl*  of  thai  of  Ih* 
oUni?  — Why  <lo  ■!>  t^"  '^'■"1  "> 
(he  caaw  of  Uie  cuih  ?  —  W  ti/  do  dk 
blUng  bixllu  which  liniiiica  la  bt  nsti 
ucb  oUnr  apjmiiuta  >1IU  neurr  br 
neaiu  of  tb*  iHnutlan  of  cmrLtBUoa  ? 

otbv.All  unriu^  the  eirUi.  nUl  tlicy 
dCMtDd  In  puBlld  llMi  ?  —  What 
woBld  b«  Uu  (XoKciaeiuw  If  too  botliK 
ifreR  p]A«d  la  five  iipuv.  and  out  of 
thB  gjiikcrc  of  the  eutli'i  uttnnloii  ?  — 
Where  wouad  thoj  meit  iT  thv  bodlci 
vere  oqaal? — Does  lln  earth  Eaovqlv- 
wudi  tUllDgbodlee?— If  (no  bodlm 
of  imequal  wd«hu  mn  falUng  lo- 
warda  laeh  o>hu. which  at  tbciu would 
ha.Te  Ihc  greater  leliKlt/  r 


A  wiashl.  —  Whieh  of 

nifqvd  balla  vUl  have  the  gRsler 

-      -    -    -iMoMlbat  fUttilowu  au 

^  «  the  other  that  falli 


.-.a  biaiier  boiljrt — 

ffm>  how  biflb  In  the  air  miwt  I  let 
"!  a  hodf  la  oRtBr  that  11  mif  coma  to 
~  Huid  wttli  ogbi  tbnea  the  furec 
K  wonlil  bare  hail,  if  lildgcDll]' 


COJTVEHSATION  Vn. 

T8K   ATTmACTIttH  OF   CBAVITATIUX — contmtted. 

.  Has  the  Attraction  of  GraTitotion,  Papa,  the  same 
,  on  all  bodies,  nliatcver  be   their  distance  from  the 

^Jo.  No:  this,  Uke  eirery  power  which  proceeds  from  a. 
^  decreasea  aa  the  stjuarea  of  the  distances  from  that 
Btreincreue. 

•Bcntbapagiliur  benferie<]  to  the  examplH  in  p.  I& 
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Em.  I  fear  that  I  shall  not  understand  this.  Papa,  unless 
you  illustrate  it  by  examples. 

Fa,  Well,  then:  suppose  of  an  .evening  you  are  reading  at 
the  distance  of  one  foot  from  a  candle,  and  that  you  receive 
a  certain  quantity  of  light  on  your  book;  now,  if  you  remove 
to  the  distance  of  two  feet  from  the  candle,  you  will,  by  this 
law,  receive  four  times  less  light  than  you  had  before.  Here 
then,  although  you  have  increased  your  distance  but  two-fold, 
yet  the  light  is  diminished  four-fold,  because  four  is  the  square 
of  two,  or  two  multiplied  by  itself.  If,  instead  of  removing 
two  feet  from  th6  candle,  you  take  your  station  at  the  distance 
of  3,  4,  5,  or  6  feet,  you  will  then  receive  at  the  different  dis- 
tances, 9,  16,  26,  or  36  times  less  light  than  when  you  were 
within  one  foot  &om  the  candle;  for  these,  as  you  know,  are 
the  squares  of  the  numbers  3,  4,  6,  and  6.  The  same  is  ap-' 
plicable  to  the  heat  imparted  by  a  fire;  at  the  distance  of  one 
yard  from  which,  a  person  will  enjoy  four  times  as  much  heat 
as  he  who  is  situated  two  yards  from  it;  and  nine  times  as 
much  as  one  removed  to  the  distance  of  three  yards. 

Ch,  Is,  then,  the  attraction  of  gravity  four  times  less  at  a 
yard  distance  from  the  earth  than  it  is  at  the  surface? 

Fa,  No:  whatever  be  the  cause  of  attraction,  which  to  this 
day  remains  undiscovered,  it  acts  frx>m  the  centre  of  the  earth, 
and  not  from  its  surface;  and  hence  the  difference  of  the 
power  of  gravity  cannot  be  discerned  at  the  small  distances  to 
which  we  can  have  access;  for  a  mile,  or  two,  which  is  much 
higher  than,  in  general,  we  have  opportunities  of  making  ex- 
periments, is  nothing  in  comparison  of  4000  miles,  the  dis- 
tance of  the  centre  from  the  surface  of  the  earth.  But  could 
we  ascend  4000  miles  above  the  earth,  and,  of  course,  be 
double  the  distance  that  we  are  now  from  the  centre,  we 
should  there  find  that  the  attractive  force  would  be  but  one- 
fourth  of  what  it  is  here;  or,  in  other  words,  that  a  body 
which,  at  the  surface  of  the  earth,  weighs  one  pound,  and,  by 
the  force  of  gravity,  falls  through  sixteen  feet  in  a  second  of 
time,  would,  at  4000  miles  above  the  earth's  surface,  weigh 
but  a  quarter  of  a  pound,  and  fall  only  four  feet  in  a  second. 

Suppose  it  were  required  to  find  the  weight  of  a  leaden  ball, 
at  the  top  of  a  mountain  three  miles  high,  which  on  the  sur-* 
face  of  the  earth  weighs  20  lbs. 

if  the  semi-diameter  of  the  earth  be  taken  at  4000,  then 
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3  to  this  the  height  of  the  inoantain,  and  say,  as  the  square 
4003  ia  to  the  square  of  4000,  eo  U  201b.  to  a  fourth  pru- 
rtional;  or  as  16024009: 16000000 :  :20:  lfl-97  or  BOmething 
99  than  191b.  I5^z.  which  is  tlie  weight  of  the  leaden  ball 
It  the  top  of  the  mountain. 

£m.  How  is  that  known,  Fapa?     No  person  was  ever  so 
4a  from  the  earth's  surface. 

Fa.  True,   my  dear;    for  the  most  enterprising  of  our 

KHiants,  or  balloon  adventurers,  have  ascended  but  a  little 

ly  in  compariaon  of  the  distance  that  we  are  speaking  of. 

iwCTer,  I  will  try  to  explain  tlie  method  by  which  philoso- 

an  have  come  at  their  knowledge  on  this  subject. 

The  moon  is  a  heavy  body  connected  with  the  earth  by 

law  of  attraction;  and,  by  themostaccarate  ob.icrvatious, 

known  to  be  obedient  to  the  same  laws  as  other  heavy 

es  are:  its  distance  id  also  clearly  ascertained  to  be  about 

940,000  miles,  which  is  eixty  semi -diameters  of  the  earth; 

«nd  of  coarse  the  earth's  attraction  upon  the  moon  oitglit  to 

duninijh  in  the  proportion  of  the  square  of  this  distance ;  tliat 

*    it  ought  to  be  60  times  60,  or  3600  times  IBS'*  at  tlie  moon 

in  it  is  at  the  surface  of  tUe  earth.     This  is  found  to  be  the 

Again,  the  earth  ia  not  a  perfect  sphere,  but  a  spheroid; 
"  it  ia,  of  the  shape  of  an  orange,  ratlier  tint  at  the  two  ends 
led  the  poles;  and  the  distance  from  the  centre  to  the  poles 
*it  about  eighteen  or  nineteen  miles  less  than  the  distant^e 
>tom  the  centre  to  the  equator:  consequently,  bodies  ought  to 
he  somewhat  lieavier  at  and  near  the  poles  than  they  arc  at 
Ifce  equator;  which  is  also  found  tJD  be  the  ease.  Hence  it  is 
"bferrcd  that  the  Attraction  of  Gravitation  varies  at  all  dia- 
1  from  the  centre  of  the  earth  in  proportion  as  the 
|uares  of  those  distances  incxease. 

CA.  It  seems  very  surprising  that  pliilosophera,  who  have 
Uscovered  eo  ninny  things,  have  not  been  able  to  And  out  the 
tknse  of  gravity.  Could  not  Sir  Isaac  Newton,  had  he  been 
Idied  why  a  marble,  dropped  from  the  hand,  fiills  to  the 
Bound,  luve  assigned  the  reason  fur  it? 
Fa.  That  great  man,  probably  the  greatest  man  lliflt  ever 
led  this  world,  was  as  modest  as  he  was  grcatj  and  he 

i  have  told  you  he  knew  not  the  cause. 

The  late  esctllenl  wid  learned  Dr.  Price,  in  n  work  which 
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he  publislied  many  yean  ago^  ^aks^  **  Who  does  not  remember 
a  time  when  he  would  have  wondered  at  the  question  WJ^ 
does  water  run  doum  hiUf  What  igimr€M  man  is  there  who 
is  not  persuaded  that  he  really  understands  this  perfectly? 
But  every  improved  man  knows  it  to  be  a  question  he  cannot 
answer."  The  descent  of  water,  my  dear  children^  like  that 
of  other  heavy  bodies,  depends  upon  the  aUraUion  of  gravi" 
taiion;  the  cause  of  which  is  still  involved  in  darkness. 
Em.  You  just  now  said  that  heavy  bodies,  by  the  force  of 

Savity,  fall  sixteen  feet  in  a  aeoond  of  time.    Is  that  always 
e  case? 

Fa.  Tes:  all  bodies  near  the  surface  of  the  earth  fall  at 
that  rate  in  the  first  second  of  time;*  but,  as  the  attraction  of 
gravitation  is  continually  acting,  so  the  velocity  of  fidling  bodies 
is  an  increasing,  or,  as  it  is  usually  called,  an  ace^erating 
velocity.  It  is  found,  by  very  accurate  experiments,  that  a 
body  descending  from  a  considerable  height  by  the  foix^  of 
gravity  falls  16  feet  in  the  first  second  of  time;  3  times  16 
feet  in  the  next;  5  times  16  feet  in  the  third;  7  times  16  feet 
in  the  fourth;  and  so  on,  continually  increasing  according  to 
the  odd  num)>ers,  1,  8,  5,  7,  9,  11,  &c.  Though,  perhaps,  I 
ought  to  be  more  particular  in  stating  that  in  our' latitude  the 
exact  distance  an  object  passes  in  the  first  second  is  16A  feet. 


QUESTIONS  FOB  XXAMIKATION. 


Bj  what  law  doet  the  attraetton  of 
grarltatloii  act  ? — Can  yon  illustrate  it 
Iqr  ttcamplei  ? — How  mach  kei  light 
shall  I  reoeire  ftom  a  candle  at  the 
distance  of  Hx  feet,  than  I  should  if  I 
were  only  two  ftet  from  it? — How 
much  more  warmth  shall  I  feel  at  the 
distance  of  thrte  fleet  from  a  fire,  than 
you  will  being  placed  at  eight  feet  from 
It  ? — Does  the  fblxse  of  gravity  act  from 
the  snrfliee  or  the  centra  of  the  earth? 
^  Can  the  deference  of  the  power  of 
gravity  be  discerned  at  the  small  dis- 
tances to  which  we  can  hare  access  ?  — > 
What  wonld  a  piece  of  lead  weigh  at 
4000  miles  above  the  surface  of  the 
earth  that  weighs  a  hundred  weight  on 
the  surface? — Through  what  space 
does  a  heavy  body  fkll  on  the  surifkce 


of  the  earth  in  a  second  of  time;  and 
how  tu  wonld  it  fldl,  in  the  same  time, 
at  the  distance  of  4000  miles  above  the 
surfruK  of  the  earth? — At  what  di»> 
tanoe  is  the  moon  from  us,  in  miles  and 
in  semi^ameters  of  the  earth  ? — How 
much  less  does  the  attraction  of  th^ 
earth  act  at  the  distance  of  the  moon, 
than  it  would  at  4000  miles  fit>m  tha 
surface  of  the  earth?-— What  is  the 
shape  of  the  earth?  —  Would  any  body 
(as  a  block  of  stone,  or  a  lump  of  lead) 
weigh  heavier  at  the  poles  or  the  eqaa* 
tor  of  the  e«rth  ?—  Upon  what  doet 
the  descent  of  water  down  a  hill  de- 
pend ? — Is  the  velocity  of  fklling  bo- 
dies continually  the  same:  if  not*  l^ 
what  proportioQ  docs  it  increase? 
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Emma.  Besoming  our  conversation  on  jraviiy,  would  a  ball 
of  tirentj  pounds  weight,  Pspa,  at  this  place,  weigli  half  an 
ounce  less  at  the  top  ot'  a  mountain? 

Fa,  CertAinlj:  but  70U  would  not  be  able  to  ascertain  it  by 
means  of  scales  and  weights,  becnuse  both  the  weight  and  the 
tting  to  be  we)gh(^d  being  in  similar  situations  would  lose 
equal. portions  of  their  gravity. 
£tn.  Hovr,  then,  would  you  make  the  experiment? 
fa.  By  means  of  one  of  those  steel  spiral-spring  instru- 
■rats  trliich  you  have  seen  occasionally  used,  the  fact  mi^ht 
ke  ascertained. 

Ck.  1  think,  from  what  you  toid  us  yesterday,  that  with 

be  asnstance  of  your  Blop-wntcli  I  could  tell  the  height  Of 

Biy  place  by  ob9er\ing  the  number  of  seconds  that  a  marble 

iwt  any  other  heavy  body  would  take  in  falling  from  that 

|fcdghi. 

,  How  would  you  perform  the  calculation? 

,  I  should  go  through  the  multiplications  you  gave  us  at 

«  close  of  our  lost  conversatioD,  according  to  the  number  of 

mde,  and  then  add  them  together. 

.  Explain  yourself  mora  particularly  by  answering  me 

Suppose  you  were  to  let  a  marble  or  a  penny- 

B  fall  down  a  deep  dry  well,  and  that  it  was  exactly  five 

'd  effecting  the  descent;  what  would  be  the  depth  of 

.  In  the  first  second  it  would  fall  16  feet;  in  the  next  3 
a-  48  feet;  in  the  third  5  times  16  or  80  feetj  in  the 
7  times  16  or  112  feet;  and  in  the  fifth  second  9  times 
■  144  feet:  now,  if  I  add  16,  48,  80,  112,  and  144 
er,  the  sum  will  be  400  feet,  which,  according  to  your 

rt  be  the  depth  of  the  well. 
.  Though  your  calculation  is  accurate,  yet  it  was  not 
s  as  nature  effects  her  operationsj  for  it  was  not  pcr- 
'n  the  shortejrt  wav. 
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Ch,  I  should  be  pleased  to  know  an  easier  method:  that 
which  I  adopted  is,  however,  very  simple;  because  it  required 
nothing  but  mulidplieation  and  addition. 

Fa.  True:  but  suppose  I  had  given  you  an  example  in 
which  the  number  of  seconds  had  been  fifty  instead  of  five, 
the  work  would  have  taken  you  an  hour,  or  perhaps  more,  to 
have  performed  it;  whereas,  by  the  rule  which  I  am  going  to 
give  you,  it  might  have  been  done  in  half  a  minute. 

Ch,  Pray  let  me  have  it,  Papa.  I  hope  it  will  be  easy  to 
remember. 

Fa.  It  will:  nor  do  I  think  it  can  be  forgotten  after  it  is 
once  understood.  The  rule  is  this:  "  the  spaces  described  b^ 
a  body  falling  freely  from  a  state  of  resty  increase  as  the 
SQUARES  of  the  times  increase :"  consequently  you  have  only 
to  square  the  number  of  seconds;  that  is,  to  multiply  the 
number  into  itself,  and  then  multiply  that  again  by  sixteen 
feet,  the  space  which  it  describes  in  the  first  second;  and  you 
have  the  answer  required.  Now  try  the  example  of  the  toelL 
Ch.  The  square  of  5,  for  the  time,  is  25,  which  multiplied 
by  1 6  gives  400,  just  as  I  brought  it  out  before.  Now,  if  the 
seconds  had  been  50,  the  answer  would  have  been  50  times 
50,  or  2500,  multiplied  by  16,  which  would  give  40,000  for 
the  space  required. 

Fa.  I  will  now  ask  your  sister  a  question,  to  try  how  she 
has  understood  the  subject.  Suppose  you  observe  by  this 
watch  that  the  time  of  the  fiight  of  your  brother's  arrow  is 
exactly  six  seconds:  to  what  height  does  it  rise? 

£m.  This  is  a  different  question;  because  here  the  ascent 
as  well  as  the  fall  of  the  arrow  is  to  be  considered. 

Fa.  But  you  will  remember,  that  the  time  of  the  ascent  is 
always  equal  to  that  of  the  descent;  for,  as  the  velocity  of  the 
descent  is  generated  by  the  force  of  gravity,  so  is  the  velocity 
of  the  ascent  destroyed  by  the  same  force. 

Fm.  Then  the  arrow  was  three  seconds  only  in  falling! 
now  the  square  of  3  is  9,  and  this  multiplied  by  16,  for  the 
number  of  feet  described  in  the  first  second,  makes  144  feet> 
which  is  the  height  to  which  the  arrow  rose. 

Fa.  Very  right,  my  dear  girl.  Now,  Charles,  if  I  get  you 
a  bow  which  will  carry  an  arrow  so  high  as  to  be  fourteen 
seconds  in  its  flight,  can  you  tell  me  the  height  to  which  it 
will  ascend? 
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Ch,  I  think  1  can  now  answer  you  witboot  hesitation: — it 

IB  be  7  seconds  in  falling,  the  equare  of  which  is  -19,  and 

u  maltiplied  by  16  will  give  784  feet,  or  rather  mure  thun 

•1  yards  for  the  ascent  required. 

Fa.  If  you  wiU  now  examine  the  example  which  jou 
mked  by  the  longer  method  of  calculation,  you  will  »ee  thut 
* "  \  rule  which  I  have  given  you  answers  every  stage  of  it 
y  completely.  In  the  first  second  the  body  fell  16  feet, 
I  la  the  next  48;  these  added  together  make  64,  which  iit 
square  of  the  2  seconds  multiplied  by  16.  The  same  holds 
;  of  the  3  first  seconds;  for  in  the  third  second  it  fell  80 
,  which  added  to  the  64,  give,  144,  equal  to  the  square  of 

multiplied  by  16.     Again,  in  the  fourth  secoud  it  ftU  1 12 

,  which  added  to  144,  give  266,  equal  to  the  square  of  4 

Itiplied  by  16:  and  in  the  fifth  second  it  fell  144  feet, 

']uch  added  to  2Ji6,  give  400,  which  is  equal  to  the  square 

&  multiplied  by  16.  Thus  you  will  find  the  rule  holds  <;oud 
all  cases  ;  viz.  "that  theapaeta  described  by  bodies  falling 

itfy  from  a  State  of  rest  increase  as  the  saLARES  of  the 


Ch.  I  think  I  shall  not  be  likely  to  forget  this  excellent 
le.  I  can  now  show  my  cousin  Henry  how  he  may  know 
e  height  lo  which  liis  bow  will  carry. 
Fa.  Do,  by  all  means;  for  the  surest  way  of  retaining  the 
nwledge  we  acquire,  is  by  communictiting  it  to  our  friends 
A  others. 

Ch.  It  is  indeed  a  very  pleasant  idea,  that  giving  aw.iy  Is  - 
beet  method  of  keeping;  for,  I  am  sure,  the  being  nbk  to 

one's  friends  is  a  most  agreeable  feeling. 
^a.  I  am  delighted,  kij  dear  Charles,  with  your  generous 
ires^ons,  and  it  increases  the  pleasure  I  enjoy  in  your 
atal  improvement,  to  see  such  sentiments  develop  them- 
ree.  I  have  but  a  word  or  two  more  on  the  subject.  Since 
vhoU  xpaces  described  increase  as  the  squares  of  the  times 
also  the  velocifiei  of  falling  bodies  increase  in  the 
le  proportion;  for  you  know  that  the  velocity  must  be 
isured  by  the  space  passed  through.  Thus,  if  a-  person 
vel  six  miles  an  hour,  and  another  person  travel  tu-ehe 
es  in  the  some  time,  the  latter  will  go  with  double  the  \v- 
ity  of  the  former;  consequently  the  velocities  of  falling 
Lies  increase  as  the  squares  of  the  times  increase. 
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If,  now,  J0CL  oompare  the  spftoes  described  by  falling  bodies 
in  the  severed  momenti  ^  Hme  taken  septiratefyj  and  in  thdr 
order  from  the  beginamg  of  the  &11,  then  they,  and  coaae- 
quently  their  velocities  also,  are  to  one  another  as  the  odd 
numbers,  1,  8,  5,  7,  9,  11,  I^  Ice.  taken  in  their  natural 
order,  as  you  "will  observe  by  reflecting  on  the  foregoing  ex* 
amples. 

Before  we  conclude,  let  me  now  a^  you,  Charles,  what  is 
said  to  be  the  cause  of  the  attraction  of  gravitation,  which  has 
occupied  our  attention  in  the  latter  conversations? 

Ch.  That  is  a  question,  dear  father,  which  has  pocded  the 
philosophers  of  all  countries.  Many  have,  I  learn,  attempted 
to  explain  it;  but  have  foond  theniflelves  bewildered  in  their 
own  ideas. 

Fa.  What  pardcolsrs  have  you  gathered  then,  generally, 
on  the  subject  of  the  attraction  of  gravitad<Mi? 

Ch.  It  appears  to  me  certain,  from  the  phenomena  of 
nature,  that,  as  all  heavy  bodies  near  the  earth  tend  to  its 
centre  with  a  force  proportionate  to  the  quantity  of  matter 
they  contain;  so  the  moon  also  tends  to  the  centre  of  the  earth; 
and  the  waters  of  the  sea  tend  to  the  centre  of  the  moon ;  and, 
in  short,  both  earth  and  moon,  and  all  the  planets  and  comets 
tend  towards  the  sun  and  towBrds  each  other. 

Fa.  With  this  we  will  conclude  our  present  conversation. 


QU£STIONS  FOR  EXAIONATION. 


How  mnch  1cm  wotML  a  bttfl  of  ^MK 
weigh  OB  the  top  of  anonnlate  a  ttOefl 
kigh  than  it  doet  on  thii  ijpot?  —  B7 
what  means  ooold  that  be  aaoertafaied  ? 
— >  How  ooold  yoQfflnd  the  Mghtof  any 
plaee? — If  a  penny'-fleee  it  fo«r  ••- 
oonds  in  fidling  to  the  bottom  of  a 
well,  how  deep  Is  that  wen? — How 
kng  would  a  atane  be  fUUac  to  the 
bottom  of  the  well  at  Dover  Cattle, 
whioh  it  8<0  fbet  deep? — By  what  law 
do  bodiet  Ihli  finom  a  state  of  lest?— 
If  a  body  takat  11  aeeomlt  in  Adilng 
IhNB  a  otitain  plaoN  bow  Ugh  la  that 
place?— Doet  the  atoent  of  bodies  fol- 
ivw  a  similar  law  to  Hat  of  the  d»* 


teent?— How  Ugh  does  an  arrow  rise, 
the  iigfat  of  whieh  it  perpendJcalar, 
and  whioh  takes  10  seoondt  befiire  it 
comes  again  to  the  gronnd? — If  the 
tUght  of  an  anow  In  a  pcrpendioalar 
dirsotion  take  16  seoondsbcfore  it  comes 
to  the  mimd,  how  high  does  it  go?  — 
Does  m  role,  wfth  regard  to  AUUng 
bodies,  hsU  good  kt  all  caasi?— By 
what  law  do  yoa  calonlat^^  the  rdodtiei 
of  falling  bodies?— How  is  the  relo- 
dty  of  a  body  messored? — If  the 
asftsral  seoonds  of  time  be  takoa  scpi^ 
rately,  how  are  the  spaoss  of  Dtllhig 
bodies  estimated? 


CONVERSATION  IX. 

ON   TOZ   CEflT&E    OF   GKAVITY. 

t'Mlur.  We  are  now  about  to  speak  of  theCeiUre  ofGravih/, 

hich  is  that  point  of  a  bodjr  where  ile  whole  weight  is  con- 

Dtralcd,  and  upon  vrhich,  if  the  body  be  freely  suepended, 

it  will  rest;  but  it  will  endeavoar,  in  nil  other  positions,  to 

'iSKend  to  the  lowest  place  it  can  arrive  at. 

Ch,  All  bodies,  then,  of  wl;atever  shape,  have  a  centre  of 
ntviif,  aad  if  that  point  is  supported,  tlie  body  will  not  foil? 
Fa,  You  are  perfectly  con-ectj  Charles;  and  if  you  imagine 
line  drawn  from  the  centre  uf  grarity  of  a  body  towards  the 
nire  of  the  earth,  that  line  is  called  the  /I'ne  of  direction, 
kmg  which  every  body,  not  supported,  endeavours  to  fall.    If 
te  lau  o^  direction  fail  within  the  base  of  any  body,  it  will 
land;  but  if  it  does  not  come  within  the  base,  the  body  will 
lU. 
If  1  place  the  piece  of  wood,  a,  on  the  edge  of  a  Vv-^J 
ible,  and  from  a  pin  at  e,  its  centre  of  gravity,  hang    Aj — \ 
fittle  weight,  d,  the  line  of  direction,  cd.  will  faU     Yi'l^A 
'  lun  the  bue,  ind  therefore,  though  the  wood  leans,       M^  A 
it  will  ataod  secure.  Bat  if  upon  a,  another  piece        j  J^ 
wood,  b,  be  placed,  it  is  evident  that  the  centre  of    rig,  t. 
KVt^  of  the  whole  will  be  now  raised  to  e,  at  which  point, 
weight  be  hung,  it  will  be  found  that  the  line  of  direction 
Jail  out  of  the  bajse,  and  therefore  the  body  muHt  certainly 


Em.  1  think  I  now  Bee  the  reason  of  the  advice  which  you 

ire  me  when  we  were  going  up  the  river  in  n  bout. 

Fu.  I  told  you  tliat,  if  ever  you  were  overtaken  by  a  storm, 

'  by  a  aquall  of  wind,  while  you  were  on  the  water,  never  to 

t  yotir  fears  so  get  the  better  of  you  as  to  make  you  rise 

n  joor  seat;  because,  by  so  doing,  you  wotild  elevate  the 

Mre  of  gravity,  and  consequently,  a^  is  evident  by  the  last 

[perimetit,  increase  the  danger:  whereas,  if  all  the  persona 

in  die  vessel  were,  at  the  moment  of  danger,  instantly  to  slip 

iroin  their  places  on  to  the  bottom  of  the  boat,  t^e  risk  would 

be  exceedingly  diminished,  because  the  centre  of  gravity  would 


I. 


J 


36  MECHANICS 

thus  be  brought  lower  within  the  vessel.  The  same  principle 
is  applicable  to  those  who  may  be  in  danger  of  being  overturned 
in  land  carriages,  of  whatever  construction  they  maj  be. 

E^n.  Surely,  then,  Papa,  those  stage  coaches  which  have 
on  their  roofs  immense  quantities  of  luggage,  with  a  dozen  or 
more  people  besides,  cannot  be  safe  for  die  passengers  ? 

Fa.  No,  my  dear,  they  are  very  unsafe;  and  they  would  be 
more  so  were  not  the  roads  in  the  neighbourhood  of  London 
and  other  large  towns  remarkably  even  and  good. 

Ch,  I  understand,  then,  that  the  nearer  the  centre  of  gra* 
vity  is  to  the  base  of  a  body,  the  firmer  it  will  stand. 

Fa,  Certainly:  and  hence  you  learn  the  reason  why  conical 
bodies  stand  so  sure  on  their  bases;  for  their  tops  being  small 
in  comparison  with  the  lower  parts,  the  centre  of  gravity  is 
thrown  very  low;  and  if  the  cone  be  upright  or  perpendicular, 
the  line  of  direction  falls  in  the  middle  of  the  base,  which  is 
another  fundamental  property  of  steadiness  in  bodies:  for  the 
broader  the  base,  and  the  nearer  the  line  of  direction  is  to  the 
middle  of  it,  the  more  firmly  does  a  body  stand:  but  if  the  line 
of  direction  fall  near  the  edge,  the  body  is  easily  overthrown. 

Ch,  Is  that  the  reason  why  a  ball  is  so  easily  rolled  along 
a  horizontal  plane? 

Fa,  It  is:  for,  in  all  spherical  bodies,  the  base  is  but  a 
point:  consequently  the  smallest  force  is  sufiicient  to  remove 
the  line  of  direction  out  of  that  base.  Hence  it  is  evident 
that  heavy  bodies  situated  on  an  inclined 
plane  will,  while  the  line  of  direction  falls 
within  the  base,  slide  down  the  plane;  but 
they  will  roll  when  that  line  faUs  without 

the  base.     The  body  a,  will  slide  down  the 

plane,  de;  but  the  bodies  b  and  c  will  roll  **"       ZZTT 
down  it. 

Em,  1  have  seen  buildings  lean  very  much  out  of  a  straight 
line.     Why  do  they  not  fall,  Papa? 

Fa,  It  does  not  follow,  because  a  building  leans,  that  .the 
centre  of  gravity  does  not  fall  within  the  boundary  of  its  base. 
There  is  a  high  tower  at  Pisa,  a  city  in  Italy,  which  leans 
fifteen  feet  out  of  the  perpendicular.  Strangers  shudder  as 
they  pass  by  it;  yet,  it  is  found  by  experiment  that  the  line 
of  direction  falls  within  the  base,  and  therefore  it  will  stand 
while  its  materials  hold  together. 
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A.  wall  at  Bridgenortli  in  Shropsliire,  wliich  I       Apaaa 

inTe  seen,  sttuida  in  a  similar  situalion;  for  so  long       rwi 

a  line,  cb,  let  fall  from  the  centre  oi'  gravity,  c,      jjtJ 

the  building,  ab,  possefi  within  the  base,  cd,  it     'tM 

will  remain  firm,  unless  the  materials  with  which  it  --  -^'wi 

i»  built  go  to  decay.  " 

CA.  It  must  be  of  great  use,  in  many  coses,  to      ^'  "' 
know  the  method  of  finding  the  centre  of  gravity  in  different 
fcjnda  of  bodies. 

Fa.  There  are  many  easy  rules  for  this  with  respect  to  iJl 
Hugeable  bodies.     I  will  mention  one,  which  depends  on 
e  property  which  the  centre  of  gravity  ever  has,  of  cu- 
KTonring  to  descend  to  the  lowest  point. 
If  a  body,  a,  be  freely  suspended  on  a  pin,  b,       ^ 
id  a  plumb  line,  he,  be  hung  by  the  same  pin,  ,^t"~~y     ^V\ 
will  pass  through  the  centre  of  gravity;  for   vU -^    /    \ 
at  centre  is  not  in  the  lowest  point  till  it  falls      '         V- 
the  same  line  as  the  plumb  line.     Mark  the        Fig.  id. 
te,  be;  tlien  hang  the  body  up  by  any  other  point,  as  d,  with 
«  plumb  line,  ef,  which  will  also  pass  through  the  centre  of 
«vity,  for  the  same  reason  as  before:  and  therefore,  as  the 
ntre  of  gravity  is  somewhere  in  be,  and  also  in  sorai^  point 
'  tf,  it  must  be  in  the  point,  e,  where  those  lines  cro^s. 


I  EXAMINATIOtl. 


■  •■«^»ftj?— Wli»l  is  meant  by  Ihe  li 
^iinttitt  r— Wbil  111011111  be  thiU 
olMnetiaa  afmlwdT  to  nuilcsilsUn 
— Look  lu  Bg.  7.  and  upluln  the  n 
)«et. — Whr  li  it  [l>nermn>  to  rlK 
In  a  biMt  If  Uu)  w*tu  ilioald  te  roug 
—  la  \  cue  of  diiiRer  on  the  »■ 
vital  ii  Ibe  Miftil  «uiM  lo  like?  — 
tbc  •»■&■  principle  ippUcable  to  c 
llMMby  tand?  — Itlbere  any  ^inj 
tage  coaches   that  : 


lew  tban  oiinlit  be  cupKted?—  Why 
do  not  conical  bodies  tland  Arm  It 
placed  on  the  pobiti-— Wliat  gives  sta- 
Mllty  lo  bodies!  — W'hal  i9  the  muon 
that  ipherleal  bodlo  ao  eaillr  roll  alonj; 
a  horizontal  plane?  look  to  flg.  S,  and 
explain  the  otdect  orit»— Whyli  it 


ofptvltj'  of  abodf. 


to  find  the  oentio 


88 


CONVERSATION  X. 


OF   THE   CENTRE   OF   GRAVITY — dmUnUsd. 

Charles,  How  do  those  people  who  have  to  load  eart»  and 
wagons  with  light  goods,  such  as  hay,  wool,  &c.,  know  where 
to  find  the  centre  of  gravity? 

Fa.  Perhaps  the  genenditj  of  them  never  heard  of  nidi  a 
principle:  and  it  seems  surprising  that,  without  a  knowfedge 
of  it,  they  should,  nevertheleBS,  niake  up  their  loads  with  such 
accuracy  as  to  keep  the  line  of  direction  in  or  near  the  middle 
of  the  base. 

£m,  I  have  sometimes  trembled  to  pass  by  the  hop-wagons 
in  Kent;  and  the  loads  of  hay  and  com  in  harvest  time. 

Fa.  And  that  you  might,  without  incurring  any  impeach- 
ment of  your  courage,  for  they  are  loaded  to  such  an  enormous 
height,  that  they  totter  as  they  go;  and  it  would  indeed  be 
impossible  for  one  of  them  to  pass  with  toleraUe  security 
along  a  road  much  inclined;  for  their  centre  of  gravity  is 
removed  so  high  above  the  body  of  the  carri^e,  that  a  Utile 
declination  on  one  side  or  the  other  would  throw  the  line  of 
direction  out  of  the  boundary  of  the  base,  beyond  the  support 
of  the  wheels  on  that  side. 

Em.  When  a  child  falls  down,  is  it  because  he  cannot  keep 
the  centre  of  gravity  between  his  feet? 

Fa.  It  is;  but  whether  the  person  falling  be  old  or  young, 
it  is  from  the  same  cause:  instances  innumerable  occur  in 
skating  and  sliding  during  the  winter  season,  and  if  you  your- 
self lean  on  one  side,  you  will  perceive  the  truth.  Hence  you 
learn  that  a  man  stands  much  firmer  if  his  feet  be  a  little 
apart  than  if  they  were  close  together;  for  by  separating  them 
he  increases  the  base.  Hence  also  the  difficulty  of  sustaining 
or  balancing  on  your  finger  a  long  body,  such  as  a  walking- 
cane,  upon  a  small  base. 

Ch.  How  is  it  that  porters  are  enabled  to  carry  such  heavy 
loads  as  they  do? 

Fa.  I  should  tell  you  that  the  human  body  is  supported  on 
a  base,  whose  boundaries  are  the  outside  edges  of  the  feet,  and 
an  imaginary  straight  line  drawn  from  toe  to  toe  in  fron^  and 


1  had  Id  bed  bducd;  and  to  prerent  fklHng,  however  a 

man  may  be  laden,  he  nmiit  keep  his  centre  of  gravity  alwve 

•ome  point  in  this  narrow  We:  hence  we  see,  if  a  portion  of 

"  e  body  is  extended  on  one  ^de,  there  must  be  a  counler  ex- 

'  a  OD  the  other.     A  porter  frith  k  henvj'  load  on  hia 

»ck  leans  forward;    ti  servant  with  a  loaded  tray,  as  at 

K Aimer  time,  leans  backward;  and  so,  stoat  persona  throw 

IfaMck  the  head,  and  a  onraerj-maid,  when  carrying  a  child, 

■jnclined  her  body  in  the  opposite  direction,  that  the  centre  of 

pKvity  may  be  within  the  boundary  of  the  feet. 

£m.  How  tlo  ropeHJiincei-9  mnnafre  to  balance  themselves? 

Fa.  They  generally  hold  a  kni|r  pole,  with  weights  at  each 

1,  screws  the  rope  on  which  they  dance,  keeping  their  eyes 

on  some  object  in  a  ri^ht  Une  with  the  rope;  by  which 

9  they  know  when  their  centre  of  gravity  declines  to  one 

e  of  the  rope  or  to  the  other;  and  thus,  by  the  help  of  the 

le,  tliey  throw  the  weight  towards  the  side  which  is  deficient, 

d  are  thus  enabled  to  keeji  the  centre  of  gravity  over  the 

t,  narrow  as  it  is.     Tbb  principle,   however,  is  not  con- 

d  to  rope-dancers:  the  most  common  actions  of  mankind 

tt  general  are  regulated  by  it. 

d.  In  what  respects? 

Fa,  We  bend  forward,  you  know,  when  we  go  up  stairs  or 
rise  from  our  chair;  for  whan  we  are  Hitting,  our  centre  of 
gravity  is  on  the  seat,  and  the  line  of  direction  falls  behind 
as:  yn  therefore  lean  forward  to  bring  the  line  of  direction 
towards  oar  feet  For  the  same  reason  as  I  have  just  ob- 
sared,  a  man  carrying  a  burthen  on  his  back  leans  forward; 
and  if  he  carries  it  on  his  breast  he  leans  backward-  If  the 
ItMtd  be  placed  on  one  shoulder,  he  leans  to  tlie  other.  If  we 
slip  or  ettunble  with  one  foot,  we  naturally  extend  the  oppo- 
site arm,  making  the  same  use  of  it  as  tlic  rope-dancer  doea 
of  his  pole.  A  very  familiar  example  is  that  of  a  butcher  on 
horaebttck  with  a  loaded  basket,  wliich  make^  him  apjiear 
more  than  half  olT  the  horse,  in  order  to  keep  the  centre  of 
gnvity  in  its  right  place. 

Thia  property,  of  the  centre  of  gravity  always  endeavouring 
to  deKsnd,  will  account  for  appearances  which  are  sometimes 
nlubited  to  excite  our  surprise. 
Em.  Wliat  are  thow.  Papa? 

Fa,  One  ia,  that  of  a  donhle  cone,  appearing  to  roQ  up  two 
inctined  planer  formin^f  an  angle  with  eodi  other;  for,  as  it 
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loUs,  it  sinks  between  them,  and  thns  the  centre  of  giwii/  it 
actually  descending. 

Let  A  body,  efi  consisting  of  two 
eqnal  cones  united  at  their  baaeSy  be 
placed  upon  the  edges  of  two  stndght 
and  smooth  rulers,  ab  and  edj  which  at 
one  end  meet  in  an  angle  at  a,  resting 
on  a  horizontal  plane^  and  at  the  other 
raised  a  little  above  the  plane;  the  body 
will  roll  towards  the  elevated  end  of  the  rolers,  and  appear  to 
ascend;  the  parts  of  the  cone  that  rest  on  the  rulers  growing 
smaller  as  thej  roll  over  a  larger  opening,  and  thus  letting  it 
down,  the  centre  of  gravity  descends.     But  you  must  re- 
member that  the  height  of  the  planes  must  be  less  than  the 
radias  of  the  base  of  the  cone. 

Ch.  Is  it  upon  this  principle  that  a  cylinder  is  made  to  roD 
•jphiU? 

Fa,  Yes,  it  is;  but  this  can  be  effected  only  to  a  smaU  di»- 
tance.  If  a  cylinder  of  pasteboard,  or  very 
light  wood,  BS  ab,  having  its  centre  of  gra- 
vity at  r,  be  placed  on  the  inclined  plane,  rfe, 
it  will  roll  down  the  inclined  plane,  because 
the  line  of  direction  from  that  centre  lies  ' 
out  of  the  base.  If  I  now  fill  the  little  hole, 
o,  with  a  plug  of  lead,  it  will  roll  up  the  inclined  plane  till  the 
lead  gets  near  the  base,  where  it  will  lay  still;  because  the 
centre  of  gravity  is  removed  by  means  of  the  lead  from  c, 
towards  the  plug,  and  therefore  is  descending,  though  the  cy- 
linder is  ascending. 

Before  I  close  this  subject,  I  will  show  you  another  ex- 
periment, which,  without  a  knowledge  of  the  principle  of  the 
centre  of  gravity,  cannot  be  understood. 
Upon  this  stick,  a,  which,  of  itself,  would 
fall,   l>ecause  its   centre  of  gravity  hangs 
over  the  table,  6,  I  suspend  a  bucket,  r, 
fixing  one  end  of  another  stick,  dy  in  n 
notch  at  e,  and  the  other  against  the  inside 
of  the  bucket  at  the  bottom.     Now  you  will  see  that  the 
bucket  will   in  this    position  be    supported,    though  filled 
with  water:  for  the  bucket  being  push^  a  little  out  of  the 
perpendicular  by  the  stick  d,  tiie  centrs  of  gravity  of  the 


Fig.  13. 


Fig.  18. 


nigfat  under  the  table,  and  is  consequently  Hup- 

■ledge  of  the  principle  of  the  centre  of  grnvitj  in 
enable  you  to  explain  the  structure  of  a  viiriely  cf 
IjfS  wbi<?t)  are  put  into  the  hands  of  children,  such  us  tlm 
""■  ■   lawyer,  the  rope  dancer,  the  tumbler,  ^c. 

Em.  How  is  it,  Papa,  that  there  is  so  much  more  difficulty 
carrying  one  pail  of  water  than  two? 

Fa.  It  vi  becauBe  with  only  one  pail  the  centre  of  gravity 
tfarown  on  one  side,  and  you  find  the  opposite  arm  \i 
nerally  thrown  out  to  bring  the  centre  to  its  original  puai- 
gnj  but  when  there  is  a  pail  in  each  lianct,  one  balances  the 
Iher,  and  the  centre  of  graTity  remains  supported  by  the  feet. 
What  now  have  jou  understood  of  the  centre  of  gravity? 
Ch.  It  is  defined  to  be  a  point,  about  which  all  the  piirta  ot 
body  or  bodied  are  said  to  be  is  equililiriam. 
Fa.  Have  you  any  further  remarks  to  make  on  this  subject, 
More  we  proceed  to  the  Laws  of  Motion? 

Ch.  1  think.  Papa,  yon  have  explained  it  sufficiently  to 
ike  the  science  as  clew  aa  possible  to  our  comprehen.^iou. 


QUESTIOKS  FOE  EXAMINATION. 


Wfay  Ik  ihm  danj 
KOtt*.  cun*.  kc  tbnl 
■|ji>_WfaiIl>  tlie 
m  mnd  otticn  fill  > 
--  mu  ■  BUD  nud 
rdorope-dmoccn  m 


[er  itUehed  to  ,  tbecentR  ofgnvity  — How  It  It  that 
■re  loaded  Tciy  i  a  double  oone  uppun  to  roll  ap  sn  In- 

rcuon  that  chU-    cUnrd  pI>De?~Explaiu  Chlgbjfl; II. 

—  In  whil  po(K- '  — Islliere«B)rllinUtotbrlidghtorihc 
the  ItnueKt? —  i  plana? — Explain,  bj  fig,  I?,  how  a 

■uge  to  balance   cjltndei  iimBde  to  toll  upahlll.  —  Tell 

e  tome  in^liniat    me,  with  the  afllfltann  of  Ag- to,  bovra 

^neral.  ^thout  '  budkat  ii  suipended  hj  mcani  at  th? 

Ibe  dinetlon  of  iticlt.  ou  lbs  edge  ot  the  table. 


CONVERSATION    XI. 


ChnrUs.  Are  you  now,  Papa,  going  to  describe  those  ma- 
chines which  you  call  meelianieal  powert  f 

Fa.  We  must,  I  believe,  defer  that  a  day  or  two  longer; 
1 1  aliall  give  you  a  few  more  general  principles  with  which 
witih  you  previously  to  be  acquainted. 


42  MIOHAKIOaL 

In  the  first  place,  joa  most  well  miderstacid  w^d  are  deno- 
minated the  three  general  laws  of  motion :  the  first  of  whidi 
is,  that  "  a  body  wUl  continue  in  0$  $taie  ^mty  or  ofuaifhrm 
moHon^  until  ii  is  eompeiied  by  totne  force  to  ckamgo  ik&i 
state ;"  and,  I  may  add,  the  resistance  of  the  bodj  ad  rest 
will  be  equal  to  the  Uow  stnidL  bj  the  body  in  motion* 

Ck,  There  is  no  difficulty  in  imagining  that  a  body,  sach 
as  this  ink-stand,  in  a  state  of  rest^  must  always  remain  ao^  if 
no  external  force  be  impressed  upon  it,  to  give  it  motion;  but 
I  know  of  no  example  which  will  lead  me  to  soppoee,  that 
a  body  once  put  into  motion  would  of  itsdtf  omtinue  so. 

^o.  Tou  will,  I  think,  very  socm  admit  the  truth  of  the 
latter  part  of  tl^  law  as  well  as  of  the  former,  although  it 
cannot  be  estaUished  by  experiment. 

£m*  I  shall  be  glad  to  hear  how  this  is. 

Fa.  Tou  will  not  deny  that  the  ball  which  yon  strike 
from  the  trap,  when  you  are  playing,  has  no  more  power 
either  to  put  an  end  to  its  motion,  or  make  any  change  in  ita 
velocity,  than  it  has  to  change  its  shape. 

Ch.  Certainly  not:  nevertheless,  in  a  few  seconds  after 
I  have  struck  the  ball  with  all  my  force,  it  falls  to  the  ground, 
and  then  stops. 

.  Fa.  Have  you  never  found  any  difference  in  the  time  that 
is  taken  up  before  a  ball  comes  to  rest,  in  the  various  places 
you  have  ever  played,  even  when  strudc  with  the  same  fioroe? 

Ch.  Yes:  if  I  am  playing  on  the  grass,  it  rolls  not  so  hr 
as  when  I  play  on  the  smooth  gravel. 

Fa.  You  find,  also,  a  like  difference,  according  to  the  na» 
ture  of  the  ground  on  which  you  play,  when  you  have  your 
games  at  marbles. 

Ch.  Yes,  Papa,  the  marbles  run  so  easily  on  smooth  stones, 
that  we  can  scarcely  shoot  with  a  sufficiently  small  force. 

Em.  And  I  remember  that  Charles  and  my  cousin  were 
last  winter  trying  how  far  they  could  shoot  their  marbles 
along  the  ice  in  the  canal;  and  they  went  a  prodigious  dis- 
tance, in  comparison  of  that  which  they  would  have  gone  on 
gravel,  or  even  on  smooth  pavement. 

Fa.  By  these  instimces,  properly  applied,  you  will  be  con- 
vinced that  a  body,  once  put  into  motion,  would  go  on  for 
ever,  if  it  were  not  compelled  by  some  external  force  to 
change  its  state. 


Ok,  IperceiTe  already  what  ;ou  nre  going  to  saj.  It  is 
the  rubbing  or  friction  of  the  marble*  agaiiiat  the  ground 
which  checks  their  progreasj  for  on  the  pavement  tht^re  tire 
ficwer  ob^taclee  than  on  the  gravel,  and  fewer  on  the  ice  Ihun 
on  the  pBTement;  hence  joii  woul'l  lead  us  to  cunclude  that, 
if  nil  ohstAcLes  were  removed,  they  ought  proceed  on  for  ever. 
But  what  are  we  to  say  of  the  bail?     Wluit  stops  that? 

Fa.  You  must  be  aware  that,  besides  frietion,  there  is 
another  and  still  more  important  circumstance  to  l>e  taken 
into  consideration,  which  aflects  nut  only  tlie  l>all,  marbles, 
&c..  but  every  body  that  is  in  motion. 
Ck.  Yes:  it  is  the  attraction  of  gravitation. 
Fa.  Certainly;  for,  from  what  we  said  when  we  conversed 
on  that  tabjec^  it  appears  that  gravity  has  a  tendency  to 
bring  every  moving  body  to  the  earth  ;  consequently,  in  a 
few  seconds,  your  ball  must  come  to  the  ground  from  that 
causa  ^ooe.  Besides  the  attraction  of  graWtatiun,  however, 
there  is  the  resistance  whicli  tbo  air,  through  which  the  ball 
moves,  makM  to  its  passage. 

Em.  Th&t  cannot  be  mucb,  I  ahonld  think. 
Fa.  With  regard  to  the  ball  Struck  from  your  brother's 
trap,  perhaps,  it  1^  of  no  great  considenition,  because  the 
veloci^  is  but  small;  but  in  all  great  velocities,  as  that  of  a 
ball  from  a  musket  or  cannon,  there  will  be  a  material  dif- 
Jfarence  between  the  theory  and  practice,  if  it  be  neglected  in 
"  calculation.  Move  your  Mamma's  riding-whip  througli 
air  slowly,  and  you  will  observe  nothing  to  hint  to  you 
that  there  is  this  resisting  medium;  but  if  you  move  it  with 
considerable  swifhiess,  the  noise  which  it  occasions  will  io- 
fonn  you  of  the  resistance  it  meets  with  from  something  or 
other,  and  which  you  will  find  to  be  the  atmosphere, 
■  CA.  If  I  DOW  understand  you,  the  force  wliich  compels  a 
illndy  in  motion  to  stop,  is  of  three  kinds:  1.  the  attraction  of 
MUBt'tfBft'gH; — 2.  thtrenttaiKe  of  the  oiV;— and,  3,  the  re- 
pbtance  it  meets  with  imm  friction. 
I     Fa.  Jnst  so. 

\  Ch.  I  have  now  no  difficulty  in  comprehending  that  a  body 
b  motion  will  not  come  to  a  state  of  rest  till  it  is  brought  to 
t&at  state  by  an  external  force,  acting  upon  it  in  some  way  or 
other.  I  have  seen  &  gentleman,  skating  on  very  smooth 
ic^  go  a  great  way  without  any  exertion;  but  where  the  ice 
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was  rough,  he  could  not  go  half  the  distance  without  making 
fresh  efforts  to  continue  his  progress. 

Fa.  Bj  another  instance  or  two  I  will  further  explain  this 
law  of  motion.  Put  a  basin  half  filled  with  water  into  your 
little  sister's  wagon;  and  when  the  water  is  perfectly  still, 
move  the  wagon;  the  water,  resisting  the  motion  of  tlie 
vessel  or  wagon,  will  at  first  rise  up  in  the  direction  contrary 
to  that  in  which  the  wagon  moves.  If,  when  the  motion  of 
the  vessel  is  communicated  to  the  water,  you  suddenly  stop 
the  wagon,  the  water,  in  endeavouring  to  continue  the  state 
of  motion,  rises  up  on  the  opposite  side. 

In  like  manner,  if,  while  you  are  sitting  quietly  on  your 
horse,  the  animal  starts  forward,  you  will  be  in  danger  of 
falling  off  backward  ;  but  if,  while  you  are  galloping  along, 
the  animal  very  suddenly  stops,  you  will  be  liable  to  be  thrown 
forward. 

Ch.  This  I  know  by  experience:  but  I  was  not  aware  of 
the  reason  of  it  till  to-day. 

Fa.  One  of  the  first,  and  not  the  least  important,  uses  of 
the  principles  of  Natural  Philosophy  is,  that  they  may  be  ap- 
plied to  the  common  concerns  of  Hfe,  and  will  be  found  to 
explain  many  of  its  circumstances. 

We  now  come  to  the  second  law  of  motion;  which  is,  that 
*'  the  change  of  motion  is  proportioned  to  the  force  impressed^ 
and  in  the  direction  of  that  forced 

Ch.  There  is  no  difficulty  in  con^>rehending  this:  for  if, 
while  my  cricket-ball  is  rolling  along,  I  strike  it  again,  it  goes 
on  with  increased  velocity,  and  that  in  proportion  to  the 
strength  which  I  exert  on  the  occasion;  whereas,  if,  while  it 
is  rolling,  I  strike  it  back  again,  or  give  it  a  side  blow,  I 
change  the  direction  of  its  course. 

Fa.  In  the  same  way,  gravity  and  the  resistance  of  the 
atmosphere  change  the  direction  of  a  cannon-ball  from  its 
course  in  a  straight  line,  and  bring  it  to  the  ground;  and  the 
ball  goes  to  a  farther  or  shorter  distance  in  proportion  to  the 
force  applied,  which  in  this  case  would  be  in  proportion  to  the 
quantity  of  powder  employed. 

The  third  law  of  motion  is,  that  ''  to  every  action  of  one 
body  upon  another  there  is  an  equal  atid  contrary  re-action;^ 
or,  briefly,  "  re-action  is  equal  to  action.*^  If  I  strike  this 
table,  I  communicate  to  it  the  motion  of  my  hand,  which  you 


t 


perceive  by  the  &hnkuig  of  the  gli^Bws;  and  the  table  re-arta 

e^nst  voj  hand,  jost  as  much  as  my  hand  acts  agninet  the 

tahle. 
If  yon  press  one  scale  of  a  balance  with  your  finger,  lo 

kw.-p  it  in  equilibrium  with   a   pound  weight  in  tlm  other 

£<^e,  you  Till  perceive  that  the  scale  pressed  by  the  finger 

m-ts  against  it  with  a  force  equal  to  a  pound,  'with  which  the 

other  Hale  endeavours  to  descend. 

A  horse  drawing  a  heayy  load  is  as  much  drawn  back  by 

Ae  load,  as  he  draws  it  forward. 

£m.  I  do  not  comprehend  how  the  cart  draws  back  tlic- 

tene. 

Fa.  The  progress  of  the  horse  is  impeded  by  the  load, 

«bicb  is  the  same  thing;  for  the  force  which  the  horse  eK- 
B  would  carry  him  to  a  greater  distance  in  tlie  same  tiin<?, 
re  he  freed  from  the  incumbrance  of  the  load;  and,  there- 
■e,  as  much  as  his  progress  falls  Ehort  of  that  distance,  »o 
leh  is  he,  in  effect,  drawn  back  by  the  re-action  of  tlie 
ided  cart. 

Again,  if  you  and  your  brother  were  in  a  boat,  and  if,  by 
eons  of  a  rope,  you  were  to  attempt  to  draw  another  boat  tii 
rou,  the  boat  in  which  you  were  would  be  aa  much  pulled 

toward  the  empty  boat  as  that  would  be  moved  toward  you: 
id  if  the  weights  of  the  two  boats  were  equal,  they  would 
eet  in  a  point  half-way  between  tlie  two. 
If  you  strike  a  glass  bottle  with  an  iron  hammer,  the  blow 
31  be  received  by  the  hammer  as  well  aa  the  glass;  and  it 
immaterial  whether  the  hammer  be  moved  against  the 
ittle  at  rest,  or  the  bottle  be  moved  against  the  liammer  at 
et;  yet  the  bottle  will  be  broken,  though  the  hammer  he 
A  injured,  because  the  same  blow  which  is  sufficient  to 
reak  glass  is  not  sufficient  to  break  or  injure  a  mass  of  iron. 
From  this  law  of  motion  you  nay  learn  in  what  manner  a 
ird,  by  the  stroke  of  its  wings,  is  able  to  support  the  weight 
r  its  body. 
C».  Please  to  explain  that,  Pnpa. 

Fa.  If  the  force  with  which  it  strikes  the  lur  below  it  is 
piat  to  the  weight  of  its  body,  then  the  re-action  of  the  air 
pwards  is  likewise  equal  to  it;  and  the  bird,  being  acted 
pon  by  two  fjao/  forces  in  contrary  directions,  will  rest 
etween  them.     If  the  force  of  the  stroke  is  greater  than  its 
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weighty  t^  biid  will  rise  with  the  difftrtnoe  of  theae  two 
forc^;  and  if  the  stroke  be  leu  than  its  weighty  then  It  will 
sink  with  the  difference. 

QU£STIONS  FOB  EXAMISrJLTIOK. 

stuidiiig  Mill,  Mttts  waMAmif  focwaid, 
what  willliapiMK  to  th*  rider? — Can 
Toa  rmeftt  thfraeoond  Uw  of  motion  ? — 
nay  alartxvte  it  by  tome  fiuniUar  ex- 
aapU.— -What  cinafM  tlie  dlreetiaii 
of  a  oanDonballf  —  Upoo  wtiat  doei 
tlie  diitance  passed  depend  t — Repeat 
tIntMfd  law  of  molioii,  and  ghre  me 
an  instance  in  i»oof  of  its  tnrth.  — 
How  91%  action  and  re-actioii  iUnstrated 
in  the  case  of  a  hotse  drawing  a  heavj 
load?~HowisiUs  law  apfUoakla  to 
thafligtatcfAMrd? 


Wtet  is  tlM  *st  taw  of  nulloa?-- 
a  bodf  in  motion  any  powisr  to 
destroy  that  motion,  or  to  change  its 
velocity  ?  —  What  stops  a  body  nmning 
onthegivimd?— Aad  whft  brings  to 
the  earth  one  that  passes  throogh  the 
air? — Is  there  any  other  caose  besides 
IHoiluB  and  gravitation  Uiat  destroyt 
the  motion  of  bodies? — How  is  the  re- 
sistanoe  of  the  air  proved?^- If  a  per- 
son walking  fkst  is  eanylng  a  basin  of 
water,  and  suddenly  stojps,  what  will  be 
the  oonseqnsnee?— If  a  hom^  ttom. 


CONVERSATION  XIL 


THE   LAWS  OF   MOTION-*«OII<illuadL 

Charles.  Are  those  laws  of  motion  which  you  explained 
jesterdaj  of  great  importance  in  Natural  Philosophy? 

Fa.  Yes,  they  are;  and  they  should  be  carefully  committed 
to  memory.  They  were  assumed  by  Sir  Isaac  Newton  as  the 
fundamental  principles  of  mechanics;  and  you  will  find  them 
at  the  head  of  all  books  written  on  these  subjects.  From 
these  also  we  are  naturally  led  to  some  other  branches  of 
science,  which,  though  we  cannot  but  slightly  mention,  them, 
should  not  be  whoUy  neglected;  as  they  are,  in  fact,  but  corol- 
laries to  the  laws  of  motion. 

Em.  What  is  a  corollary,  Papa? 

Fa.  It  is  nothing  more  than  some  truth  or  consequence 
clearly  deducible  from  some  other  truth  before  demonstrated 
or  admitted.  Thus,  by  the  JirU  law  of  motion,  every  body 
must  endeavour  to  continue  in  the  state  into  which  it  is  puty 
fohether  itbe  af  resty  or  uniform ^snotton^  in  a  straight  one: 
from  which  it  follows,  as  a  corollary,  that  when  we  see  a  body 
move  in  a  curved  line,  it  must  be  acted  upon  by  at  least  two 
fbroes.     Corollary  is  from  the  Latin  coroHarium^  which  is 
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m  eonlla,  "  a  garland,"  and  signilied  origiDallj  n  gratuity 

doBacioa  presented  to  a  per^n  over  ami  nbove  wh&t  was 

iotly  faia  due,  and  vhich  was  ^nurally  a  garland,  and 
token  of  approbation — al^rwarda  it  was  money : 
came  to  imply  any  preaent;  and,  Jigwratieel^,  an 
I  inference, 

Ch.  When  I  whir!  round  a  stone  in  a  sling,  what  are  the 

rc^s  airting  upon  the  Stone? 

J^0.  There  is  the  force  by  which  the  atone  tvould  fly  off  in 
rigiit  or  strvight  line,  were  jou  to  let  go  the  string;  and 
'  VB  is  tbe  force  of  the  hand,  which  kc<!ps  it  in  a  circular 

Kion.     H»Te  yoa  never  seen  a  wet  mop  trundled  by  a  ser- 

Bt?  the  threads  of  the  mop  fly  irom  the  centre,  but  their 

As  being  cooflned  they  cannot  escape  from  it;  the  water, 

iweyer,  not  being  restrained,  flies  off  in  straight  lines. 

£m.  Are  there  any  of  these  curvilineormotiona  in  nature? 

Fa.  Tbt:  moon  and  all  the  planets  move  by  a  similar  law. 

iLt  tlic  moon  as  an  instance.  It  has  a  constant  tendency  to 
le  e*trth  by  the  attraetion  of  gravitation;  and  it  has  also  a 
Bdeaey  1o  proceed  in  a  right  line  by  that  projectile  force 
nprened  upon  it  by  the  Divine  Creator,  in  the  same  manner 
I  the  stone  fliea  from  your  band.  Now,  by  the  joint  action 
f  these  two  forces  it  describes  a  circular  motion. 

En*.  And  what  would  be  the  consequence,  supposing  the 
hjectile  force  to  cease? 

Fa.  The  moon  must  fall  to  the  eaith:  and  if  the  force  of 
tavity  were  to  cease  from  acting  upon  the  moon,  it  would 
f  off  into  infinite  space.  The  projectile  force,  when  applied 
I  tbe  plaucta,  is  called  the  centrifugal  force,  as  having  a  ten- 
■icy  to  recode  or  fly  from  the  centre;  and  the  other  force  is 
rmcd  the  ceritripefal  ibrce,  frotn  its  tendency  to  some  point 
t  its  eentre,  and,  in  dreular  motion,  these  two  forces  con- 
Intlj  balance  eitch  other. 

C*.  And  is  all  thb  in  consequeJice  of  the  inactivity  of 
■tear,  by  which  bodies  have  a  tendency  to  continue  in  the 
me  state  they  are  in,  whether  of  rest  or  motion? 

Fa.  Tes;  and  this  principle,  assumed  by  Sir  Isaac  Newton 
I  be  in  all  bodies,  he  calledptheir  ris  inertitf. 

Cemrifagal  is  derived  from  two  Latin  words,  centrum,  "  the 
mtrc,"  undfkffio,  "  I  fly  from."     Centripetal  from  centrum, 

the  centre,"  and  peto.  "  I  seek." 
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Ch.  A  few  mornings  ago,  you  showed  us  that  the  attrac* 
tion  of  the  earth  upon  the  moon*  is  3600  times  less  than  it 
is  upon  heavy  bodies  near  the  earth's  surface.  Now,  as  this 
attraction  is  measured  by  the  space  fallen  through  in  a  given 
time,  I  have  endeavoured  to  calculate  the  space  which  the 
moon  would  faU  through  in  a  minute,  were  the  projectile  force 
to  cease. 

Fa.  Well;  and  how  have  you  found  it  out? 

Ch,  A  body  falls  here  16  feet  in  the  first  second;  conse- 
quently, in  a  minute,  or  60  seconds,  it  would  fall  60  times  60 
feet,  multiplied  by  16,  that  is  3600  feet,  which  must  be  mnl* 
tiplied  by  16;  and,  as  the  moon  would  fall  through  3600  times 
less  space  in  a  given  time  than  a  body  here,  it  would  fiEdlonly 
16  feet  in  the  first  minute. 

Fa,  Your  calculation  is  accurate.  I  will  recall  tp  your 
mind  the  second  law,  by  which  it  appears  that  every  motion^ 
or  change  of  motion^  produced  in  a  body,  must  be  propor^ 
tional  to,  atid  in  the  direction  of,  the  force  impressed.  There- 
fore, if  a  moving  body  receives  an  impulse  in  the  direction  of 
its  motion,  its  velocity  will  be  increased;  if  in  the  contrary 
direction,  its  velocity  will  be  diminished;  but  if  the  force  be 
impressed  in  a  direction  oblique  to  that  in  which  it  moves, 
then  its  direction  will  be  between  that  of  its  former  motion 
and  that  of  the  new  force  impressed. 

Ch,  This  I  know  from  the  observations  I  have  made  with 
my  cricket-ball. 

Fa.  "By  this  second  law  of  motion  you  will  easily  under- 
stand that  if  a  body  at  rest  receives  two  impulses  at  the  same 
time,  from  forces  whose  directions  do  not  coincide,  it  will,  by 
their  joint  action,  be  made  to  move  in  a  line  that  lies  between 
the  direction  of  the  forces  impressed. 

Em.  Have  you  any  machine  to  prove  this  satisfactorily? 

Fa.  There  are  many  such  invented  by  different  persons; 
descriptions  of  which  you  will  hereafter  find  in  various  books 
on  these  subjects.  But  it  is  easily  understood  by  a  figure.  If 
on  the  ball,  a,  a  force  be  impressed,  sufficient  to 
make  it  move  with  a  imiform  velocity  to  the  point 
6  in  a  second  of  time;  and  if  anotfier  force  be  also  c 
impressed  on  the  ball,  which  alone  would  make  it  jig.  X4. 
move  to  the  point  c,  in  the  same  time;  the  ball, 

*  See  ConTenation  IT. 


f  means  of  tlie  two  forces,  will  Jeseribe  the  line,  ad,  which 

a  diagoual  of  tlie  figure,  whose  sides  ure  ac  and  ab. 

CI-  But,  bow  then,  is  motion  produced  in  the  direction  of 

tj'ortef     According  to  the  second  law,  it  ought  to  be,  in 

te  ca8C,  ID  the  direction  ae,  and  in  the  other,  in  thut  of  ab\ 

rhereas,  it  is  in  that  of  adi 
Fa.  Examine  the  figure  n  little  attentively,  carrying  this 
,  your  mind,  ihst,  for  n  body  to  move  in  the  same  direction. 
is  not  necesaary  that  it  ahould  move  in  the  same  straiif/it 
U;  hot  that  it  is  sufficient  to  move  cither  in  that  line  or  in 
ijr  one  parallel  to  it. 

CA.  I  perceive,  then,  that  the  ball,  when  arrived  at  d,  haa 
Dved  in  the  direction  ac,  because  lid  ia  parallel  to  ac,  and 
10  in  the  direction  ab,  because  ci^  is  parallel  to  it. 
Fa,  And  in  no  other  possible  situation,  but  at  the  point  d, 
mid  this  experimeat  be  conforauible  to  the  second  law  of 

QDESTIONa  FOE  EXAMINATION, 

MTOlluy?- 

tli«t  ppipcloiilly  n 

iroiitil  it  lUI  is  K 


ne  liutHDt  two  imptilHfl,  tba 
of  wlik;li  do  not  coliicide.  in 
wUI  th.t  body  move  ?  —  Ex- 
hy  tif-  H.  —  la  it  npCHUty 


CONVERSATION  XIIl. 

THE  LAWS  Of  MOTION — coiUimied, 

Father.  If  you  reflect  a  little  upon  what  we  said  yestentay 
.  tlie  second  law  of  motion,  you  will  readily  deduce  the  fol- 
Swing  corollaries,  referring  occasionally  to  the  last  figure. 
That  if  the  forces  be  equal,  and  act  at  right  angles  to  one 
ler,  the  line  described  by  the  ball  will  be  the  diagonal  of 
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a  square.    But  in  all  other  cases,  it  will  be  the  dii^ooal  of  a 
pandlelogram  of  some  kind. 

2.  By  varying  the  aogle^aad  the  fiuxreByjottvarftiieibim 
of  your  parallelogram. 

Ch,  Yes,  Papa;  and  I  see  another  cooseqneBoe;  ^is.  tiKt 
tlie  motions  of  two  forces  acting  coi\joiii11y  in  this  wmy  am 
not  so  great  as  when  they  act  separately. 

Fa,  'riiat  is  true;  and  yon  are  led  to  this  ooodiisian,  Itrnp^ 
pose,  from  the  recollection  that^  in  every  trian^  any  two 
Hidoii  taken  together,  are  greater  than  the  remaining  side;  and 
therefoix'  you  infer,  and  justly  too,  that  the  motioDS  which 
the  ImUK  iU  must  have  received,  had  the  forces  been  ^>plied 
i«e|uu^tel\%  would  have  been  equal  to  ae  and  a^  or,  wh^  ia 
the  luime  thiiur*  to  ae^  and  edy  the  two  aides  of  the  tciai^^ 
f  1 1/«' ;  hut  by  their  joint  action,  the  motion  is  only  equal  to  ad, 
the  remuintng  side  of  the  triangle. 

lleiu^\  then»  }'ou  will  remember  that  in  the  compasUiom,  at 
mMing  to^'ther  of  forcea,  as  this  ia  called,  motion  is  always 
Uwit:  luul  in  the  rtsoiution  of  any  one  force,  as  ad^  into  two 
other^s  ac  and  ad,  motion  is  gained. 

i%  Well,  P^;  but  how  ia  it  that  the  heavenly  bodies, 
the  mtHm  for  instance,  which  is  impelled  by  two  foroes,  per- 
fiu'ms  her  motion  in  a  circular  direction  round  the  earth,  and 
not  in  a  diagonal  between  the  direction  of  the  prcjedile  foree 
and  that  of  the  attraction  of  gravity  to  tibe  eartii? 

Fa.  Because,  in  the  case  just  mentioned,  there  was  but  the 
aetion  of  a  aingle  impulse  in  eaeh  direction;  whereaa  the 
action  of  gravity  on  the  moon  is  continual,  and  caosea  an  ae- 
oi^leratoil  motion;  and  hence  the  line  is  a  curve, 

Ck.  Supposing,  then,  tliat  a  represent  the  moon,  and  ae 

thf»  sixtiHMi  feta  through  which  it  would  fall  in  a  second  by 

the  attnu»tion  of  gravity  towards  the  earth,  and  ab  represent 

the  pn^iivtilo  force  acting  upon  it  for  the  same  time:  if  a* 

and  or  HottHi  a*  single  impulses,  the  moon  would  in  that  case 

dfHiorlN*  tlio  diagonal  ad;  but,  since  these  forces  are  con- 

atantlv  noting,  and  that  of  gravity  is  an  accelerating  force  also, 

lll«4V^ir«i  insteail  of  the  straight  line  ady  the  moon  will  be 

itrawwintothecurvelineaedl  Dolunderstandthematterri^? 

At.  Yiwii  »n«i  hence  you  may  easily  comprdiend  how,  by 

i|l>miHHila  and  calculation,  the  attraction  of  the  earth 

IMiM  was  diicoveredk. 


LAwa  OF  nutioK.  $1 

The  flUrrf  Inn  of  mutipn:  viz.  thai  octton  and  re-aeluM  art 
npuil,  and  i-i   enrttran/  directunu,  may  tw  iUusIrated  by  the 
motion  commnnicatc^   by  the  percasdon  of  elastic  aDd  »rw- 
etattic  Ixi-iiga, 
F.m.  What  are  these,  Papa? 

/a.  htaatic  bodies  are  those  which  bnve  a  ccrLiin  spring, 
^  which  their  parts,  upon  being  pressed  inwards  b}-  percus- 
aco,  retom  to  ihiir  former  state.  This  property  is  evideat 
in  •  ball  of  wool  <x  cotton,  or  in  sponge  when  rampre&ied. 
A'on-ttatHe  bodies  are  those  which,  striking  against  nnothe', 
ia  not  rebound,  bnt  move  together  after  the  stroke. 
Let  two  eqnal  ivory  balls,  a  and  b,  be  suspended 
h\  threads;  if  a  be  drawn  a  little  out  of  the  perpen- 
dim]>r,  and  let  fall  upon  b,  it  will  lose  its  motion  by 
cot^mllnics^i^g  it  to  A,  which  will  be  driven  to  i 
iliatance,  c,  n^ual  to  that  through  which  a  fell;  am 
bcTu^e  it  appears  tliat  the  re-action  of  b  was  equal  It 
the  action  of  a  upon  it.  F'lr-  la. 

£m.  Bat  do  the  parts  of  the  ivwy  bidls  yield  by  the  stroke, 
or.  as  Tou  call  it,  by  the  percu^on? 

/a.  They  do:  for  if  I  ky  a  little  paint  on  a,  and  let  it 
fmicA  t,  it  will  make  but  a  very  small  speck  upon  it:  but  if  it 
fiatl  npon  b,  tbe  speck  will  be  much  larger;  which  proves  that 
the  balls  sre  elnatie,  and  that  »  little  hollow,  or  dent,  was 
made  in  each  by  collision.  If,  now,  two  equal  soft  balls  of 
riaj,  or  glazier's  putty,  which  are  non-elnstic  substances,  meet 
each  cither  with  equal  velocities,  they  would  stop  and,  stick 
together  nt  the  place  of  their  meeting;  os  '.heir  mutual  actions 
d^troy  eoeli  oilier. 

Ch.  1  have  sometimes  shot  one  marble  ngainst  another  so 
drverly,  that  the  second  marble  iss  gone  otT  with  (he  same 
velocity  as  that  with  which  the  first  one  approached  it,  and 
dus  ftrst  marble  has  remained  in  the  place  of  the  second  mar- 
ble. Are  marbles,  therefore,  as  well  as  ivoiy,  elastic? 
Fa.  They  are.  If  three  elastic  balls  li,  c,d,he  .  . 
hong  from  adjoining  centres,  and  d  be  drawn  n  /  I 
iitde  out  of  the  perpendicular,  and  let  full  upon  e,  ' 
then  wilt  d  and  e  become  stationa.Ty,  and  b  will  be  , 
driven  too,  the  distance  through whicht/felluponr.  /  . 
If  yoii  bang  any  number  of  balls  so  as  to  tnuch  <j  ^ 
each  other,  and  draw  the  outside  one  away  to  < 
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little  distance,  and  then  let  it  fall  upon  the  others,  the  baU  on 
the  opposite  side  will  be  driven  off,  while  the  rest  remain 
stationary:  so  equally  is  the  action  and  re-action  of  the  sta- 
tionary balls  divided  among  them.  In  the  same  manner,  if 
two  are  drawn  aside  and  suffered  to  fall  on  the  rest,  tlie 
opposite  two  will  fly  off,  and  the  others  remain  stationary. 

There  is  one  other  circumstance  depending  upon  the  action 
and  re-action  of  bodies,  and  also  upon  the  vis  inertia  of  matter, 
worth  noticing.  By  some  authors  you  will  find  it  largely 
treated  upon:  it  is  this — 

If  I  strike  a  blacksmith's  anvil  with  a  hammer,  action  and 
rc-action  being  equal,  the  anvil  strikes  the  hammer  as  forcibly 
as  the  hammer  strikes  the  anvil:  and  further — 

If  that  anvil  be  large  enough,  I  might  lay  it  on  my  breast^ 
and  suffer  you  to  strike  it  with  a  sledge  hammer  with  all 
your  strength,  without  pain  or  risk  of  injury;  for  the  vis 
inertia  of  the  anvil  sufficiently  resists  the  force  of  the  blow: 
but  if  the  anvil  were  only  a  pound  or  two  in  weight,  your 
blow  would  probably  kill  me,  or  at  least  do  me  some  serious 
injury.  This  feat  is  often  exhibited  at  country  fairs  to  many 
wondering  spectators. 

It  is  upon  this  principle  also  that  the  recoil  in  firing  guns 
and  cannons  is  to  be  explained,  when  the  re-action  is  equal  to 
the  action:  but  a  heavy  cannon  by  its  vis  inertia  operates  so 
as  to  lessen  the  recoil. 


QUESTIONS  FOR  EXAMINATION. 


If  two  equal  forces  act  upon  a  body 
at  right  angles  to  one  another,  what 
line  Avill  be  described  by  that  body?  — 
Suppose  the  forces  are  not  equal  and  do 
not  act  at  ri;;ht  angles  to  one  another, 
what  will  be  the  line  described  ?  —  How 
do  yon  know  that  two  forces  acting  con- 
Jointly  on  a  body  do  not  produce  so 
great  an  effect  as  if  they  were  to  act 
separately  ? —  In  what  cases  is  motion 
lost  and  in  what  others  is  it  gained  ? — 
Wliy  do  the  planetary  bodies  move  in 
eurves  ?  —  Explain  this  by  means  of  the 
figure.  —  How  is  the  third  law  of  motion ! 
illustrated?  —  Explain   the  difference' 


between  elastic  and  non-elastic  bodies. 
— Show  me,  by  a  reference  to  fig.  1 5,  how 
action  and  re-setion  are  equal  and  in 

contrary  directions How  is  it  proved 

that  elastic  bodies,  as  ivory  balls,  jrield 
by  percussion? — What  would  be  the 
consequence  of  two  non-elastic  bodies, 
in  motion,  meeting  each  other. —  What 
proof  is  there  that  marbles  are  elastic? 
Explain  to  me  the  intention  of  fig.  16? 
—  What  curious  circumstance  is  there 
resulting  from  the  ett  ineriue  of  bodies, 
and  from  the  action  and  reaction  of 
bodies? 


CONVEKSATION  XIV. 
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Charla.  Will  you  now.  Papa,  explnin  the  Sleciianicnl 
Powers? 

Fa.  I  ■wil!:  and  you  must  bear  in  mind  four  things:  Ist. 
the  power  acting  may  be  either  tlie  effort  of  men  or  ani- 
,  epruigs,  weight,  steam,  &c.;  2.  The  resistiinee  to  be 
Wercome  by  the  power,  is  tiie  leeiff/il  or  object  to  be  moved; 
f.  The  point  about  which  all  the  parts  of  the  body  moTe  is 
fte  prop  or  JalcTVm;  4.  Observe  the  respective  velocilies  of 
Ibe  power,  and  of  the  resiHting  body.  But  first,  I  hope  you 
ve  not  forEotten  what  the  Momentum  of  a.  body  is. 
CA.  No,  Papar  It  is  that  force  of  a  moving  body  which  is 
ntimated  by  the  weight,  maltiplied  into  its  velocity. 

Fit.  May  a  small  body,  therefore,  have  an  equal  momentum 
iritb  one  much  larger? 

CA.  Yes,  provided  the  smaller  body  move  niiieh  swifter 
than  llie  larger  011%  as  tlie  weight  of  the  latter  is  greater  than 
'  It  of  the  former. 

Fa.  Wtat  do  you  mean  wlien  you  say  that  one  body  raovea 
tirifipr,  or  has  a  greater  velocity  tlian  another? 

I  mean  that  it  passes  over  a  greater  space  in  the  same 
Your  watch  will  explain  my  meaning.  TJie  minute- 
hand  travels  round  the  dial-plate  in  an  hour;  but  the  hour- 
ind  lakes  twelve  hours  to  perform  its  course;  consequently 
t  Telocity  of  the  minute  hand  is  twelve  times  greater  than 
at  of  the  hour-hand;  because,  iiiihe  same  time,  {vii.  twelve 
nr»)  it  travels  over  twelve  times  the  epat-e  that  is  gone 
rough  by  the  hour-hand. 

Fa.  But  this  can  be  true  only  on  the  supposition  that  the 
to  circles  are  equal.  In  my  watch,  the  minute-hand  la 
iiger  than  the  other,  and  consequently  the  circle  describod 
I  it  ifl  larger  than  that  described  by  the  hour-hand. 
CA.  I  see  at  once  that  my  reasoning  holds  gooil  only  in  the 
te  where  the  hands  are  equal. 

Fa.  There  is,  however,  a  particular  point  of  the  longer 
id,  of  which  it  may  be  said,  with  the  strictest  trutli,  that  It 
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has  exactly  twelve  times  the  velocity  of  the  extreme  point  of 
the  shorter  hand. 

Ch,  That  is  the  point  at  which,  if  the  remainder  were  cut 
off,  the  two  hands  would  be  equal.  And,  in  fact,  every  dif- 
ferent point  of  the  hand  describes  difierent  iptoes  in  the  same 
time. 

Fa.  The  littte  pivot  on  which  the  two  hands  aeem  to  move 
(for  they  are  really  moved  by  different  pivots,  one  within 
another)  may  be  cidled  the  cetUre  4^  moaon,  which  is  a  fixed 
point;  and  the  longer  the  hand  is,  the  greater  ia  the  space 
described. 

CL  The  extremides  of  the  vanes  of  a  windmii;  when  they 
are  going  very  fast,  are  scarcely  distinguishable,  though  the 
a^arate  parts,  nearer  the  mill,  al«  easily  disoerned.  This  is 
owing  to  the  v^ocity  of  the  extremities  being  so  much  greater 
than  that  of  the  other  parts. 

Em.  Does  not  the  swiftness  of  the  round-abouts  which  we 
see  at  fairs  depend  on  the  same  principle;  viz.  the  length  of 
the  poles  upon  which  the  seats  are  fixed? 

Fa.  Yes;  the  greater  the  distance  at  which  these  seats  are 
placed  &om  the  centre  of  motion,  the  greats  is  the  ^pace 
which  the  boys  and  girb  travel  for  their  halfpenny. 

Em.  Those  in  the  second  row  then,  had  a  shorter  ride  £br 
their  money  than  those  at  the  end  of  the  poles. 

Fa,  Yes;  shorts  as  to  sqpaoe,  but  the  same  as  to  time.  In 
the  same  way,  when  you  and  Charles  go  round  the  gravel 
walk  for  half  an  hour's  exercise,  if  he  run,  while  you  walk, 
he  will,  perhaps,  have  gone  six  or  eight  times  round  in  the 
same  time  that  you  have  been  but  three  or  four  times.  Now, 
as  to  time,  your  exercise  has  been  equal;  but  he  may  have 
passed  over  double  the  Efpace  in  the  same  time. 

Ck,  How  does  this  apply  to  the  explanation  <^  the  me- 
chanical powers? 

Fa.  You  will  find  the  application  very  easy.  Without 
dear  ideas  of  what  is  meant  by  time  and  <pac€^  it  cannot  be 
expected  that  you  could  readily  comprehend  the  principles  of 
Mechanics;  but  let  us  proceed: 

There  are  six  Mechanical  powers:  the  Lever;  the  Wheel 
and  Axle;  the  Pulley;  the  Inclined-plane;  the  Wedge;  and 
the  Screw;  and  one  or  more  of  them  will  be  found  emj^yed 
IB  every  machine;  in  &ct»  the  great  body  of  mechanism  to  be 
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wen  in  our  largest  miuiufacloriee  maj  be  resolved  iato  some 
joe  or  more  of  these  six  powers. 
Em.  Wliy  are  they  culled  Mecbanical  Powers? 
Fa.  Becnnse  by  their  mesus  we  nrc  enttbled  mechanicaliji 
o  nuse  weights  move  heavy  bodies,  and  ovcroomc  reaistances, 
which,  without  their  assistance,  could  not  be  done. 

Ck.  Bnt  is  there  no  limit  to  the  usHislanra  gained   Itj 
"tiiese  powers?      I  remember  reading  of  Archimedes,   who 
1  tint  with  a  ptaoe  for  his  fiilcmm,  he  would  move  the 
CBTth  itself. 

Fa.  Human  power,  with  all  the  wonderful  assistnnce  which 
in  can  give,  is  yet  very  limited,  md  upon  this  principle,  ihut 
"  what  we  ffain  in  power  uw  lote  in  time."  For  example :  if 
IjT  your  own  anasmated  etrengtli  yon  are  able  to  raiite  tifty 
fMmds  ta  a  eoioin  distance  in  tme  minute,  mid  if  by  the  help 
«f  machinery,  you  wish  to  raise  500  pounds  to  the  same 
'biaglit,  Ton  will  require  ten  minutes  to  perform  it:  thus  you 
■ue  your  power  t«n-fbld,  bat  it  ia  at  the  expense  of  time; 
Q  other  words,  you  are  enabled  to  do,  with  one  effort,  in 
ten  minutee,  that  which  you  cmild  have  done  in  ten  sejiarnlc 
cAorta  in  the  same  time. 

Em.  The  importance  of  mechKni<«,  then,  is  not  so  great  as 
B  mig'ht  imagine  it  to  be  at  first  aighl;  as  there  is  nc  real 
_  an  of  force  acquired  by  the  mechanical  puwew. 
Fa,  Too  must  consider  that,  althongli  there  be  not  any 
1  increase  of  force  gaineil  by  these  powers;  the  advan- 
s  which  men  derive  &om  them  are  inestimable.     Suppose, 
r  example,  that  several  jftnall  weights,  manageable  by  humaji 
uglh,  are  tn  be  raised  to  a  cerUin  height,  it  may  be  fully 
■  omvcnient  to  elevate  them  one  by  one  as  to  take  the  ad- 
■ntage  of  the  mechanical  powers,  in  raising  them  all  at  once; 
leaaae,  as  we  have  shown,  the  same  time  will  be  neceasary 
I  both  esses:  but  (luppoac  yon  have  a  large  block  of  stone,  oi 
B  weight,  to  carry  away,  or  a  weight  still  greater,  what 
Id  yon  do? 
'  EtK.  I  did  not  give  ibaX  a  thought. 

Fa.  Bodies  of  this   kind  cannot  be  separated  into  parts 
nportionate  to  human  strength  without  immense  labour,  nor, 
perhaps,  without  rendering  them  unfit  for  those  purposes 
whicb  they  arc  to  be  applied.    Hence,  then,  you  perceive  the 
great  importance  of  the  mechanical  powers;  by  the  use 
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which  a  man  is  enabled  to  manage  with  ease  a  weight  manj 
times  greater  than  himself. 

Ch.  I  have,  in  fact,  seen  a  few  men,  by  means  of  pulleys, 
and  seemingly  with  no  very  great  exertion,  raise  an  enormous 
oak  into  a  timber-carriage,  in  order  to  convey  it  to  its  desti- 
nation. 

Fa,  A  very  excellent  instance,  Charles:  for  if  the  tree  had 
been  cut  into  such  pieces  as  could  have  been  managed  by  the 
natural  strength  of  these  men,  it  would  not  have  been  worth 
carrying  away  for  any  purpose  which  required  an  extended 
length. 

JEm.  I  now  perceive  it  clearly.     What  is  a  fulcrum,  Papa? 

Fa.  It  is  the  Jixed  pointy  or  prop,  round  which  the  other 
parts  of  a  machine  move.     It  is  a  liitin  word,  meaning  a  prop. 

Ch.  The  pivot,  upon  which  the  hands  of  your  watch  move, 
is  a  fulcrum,  is  it  not.  Papa? 

Fa.  Certainly  it  is:  and  you  remember  we  called  it  also 
the  centre  of  motion.  The  rivet  of  these  sdssars  is  also  a 
fulcrum. 

Em.  Is  that  a  fixed  point,  or  prop? 

Fa.  Undoubtedly,  as  it  regards  the  two  parts  of  the 
scissars;  for  that  always  remains  in  the  same  position,  while 
the  other  parts  move  about  it.  Again;  take  the  poker,  and 
stir  the  fire,  now  that  part  of  the  bar  on  which  the  poker 
rests  is  2l  fulcrum;  for  the  poker  moves  upon  it  as  a  centre. 

It  must  be  borne  in  mind,  that  a  greater  force,  the  weighs 
can  under  no  circumstances  be  supported  by  a  less,  the  power; 
the  fact  is,  that  by  the  contrivance  of  the  lever,  a  portion  of 
the  resistance  is  made  to  be  borne  by  the  fulcrum,  the  whole 
of  it  being  divided  between  that  point  and  the  point  of  appli- 
cation of  the  power. 

Are  you  now,  my  children,  satisfied  with  the  foregoing  ex- 
planation of  the  Laws  of  Motion? 

Ck.  Yes,  Papa;  and  besides  what  you  have  there  set  forth, 
experience  teaches  us  that  it  requires  the  same  force  to  de- 
stroy motion  as  to  produce  it :  therefore,  all  bodies  are  inac- 
tive, so  that  they  cannot  move  unless  impelled,  or  stop  unless 
by  some  force  impressed  on  them. 

Fa.  Is  motion  perpetual? 

Ch.  Yes ;  as  regards  itself;  but  no  motion  contrived  by  art 
can  be  perpetual,  on  account  of  the  resistance  of  the  me<Uum« 


Fa.  Afe  the  centripetal  and  centrifugal  forcea  nlwajs 
i«qua]  t' 

Ck.  Yea,  for  as  they  act  in  contrary  directions,  tLoy  de- 
(•troy  each  other's  effect;  so  that  neitber  body  ia  suffered  to 
%j  off  nor  ftiQ  in,  but  is  continued  on  ita  own  proper  and 
ABqmred  orbit 

Fa.  Then  you  account  for  the  continued  motions  of  the 
^KHvenly  bodies  iu  this  way? 

-  Ck.  gnch,  I  find,  is  the  opinion  established  by  Science. 
;The  moon  revolTcs  about  the  earth  from  the  same  enusc-s 
llbu  the  earth  and  other  planeta  revolve  about  the  sun;  thnt 
ii^  by  means  of  a  proj'ectUe  force,  and  a  eaitripetal  force  tend- 
■pg  to  the  centre  of  the  earth. 

Fa.  Does  this  apply  to  all  other  kinds  of  motion? 

Ch.  The  same  principles  certainly  apply  to  all  kinds  of 
'  notion. 

1  our  Ninth  Conversation  you  were  informed  of  the 
afiect  produced  by  motion  on  a  person  riding  on  horaebnck. 
'Hate  you  ever  heard  of  any  other  example  of  tins  operation 
.of  the  kw*  of  motion? 

Ch.  I  recollect  a  circumstance  in  point,  related  to  me  some 
face  ago  by  a  friend,  who  was  present  when  it  happened. 
hit  I  never  reflected  till  now  how  much  it  illustrates  the 
■resent  sabject.  It  is  this: — A  troop  of  yecmanry  cavalry 
fesd  been  raised  in  a  northern  district  during  the  late  war, 

isisting  of  farmers,  butchers,  &c.,  as  is  usual,  and  had 
e  tolerably  expert  in  their  exercise;  hut  their  horses 

i  not  been  sufficiently  trained  to  execute  any  manieuvrei^ 
bVith  honour  to  themselves.  Notice  having  been  giving  that 
ilhe  reviewing  officer  of  the  district  would  pay  them  a  visit  on 
^  eertain  day,  for  the  purpose  of  inspection,  the  volunteers 
jiriicited  the  Colonel  of  a  cavalry  regiment,  stationed  in 
tiKigbboaring  barracks,  to  lend  them,  for  the  important  day, 
s  many  regularly  trained  horses  as  would  mount  them  all 
w  the  review.  The  Colonel,  amiling,  complied.  Tlie  yeo- 
,Bien  were  mounted.  Manixuvres  began,  and  went  on  tolerably 
Kirell  till  a  charge  was  sounded.  The  gallant  troop  rushed  on 
-vith  great  rapidity,  sword  in  hand,  elate  with  pride  in  their 
iOWD  dexterity,  when,  lo!  the  bugle  suddenly  sounded  a  halt. 
I  The  dead  stop  of  the  horses  at  this  signal,  so  different  from 
iDjthing  their  riders  had  been  before  accustomed  to,  throw 
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most  of  them  Herenl  feet  ovet  their  heads,  to  t 
humiliation  of  the  yeomanry.     Fortunately,  they  ri 
little  personal  injury.     These  poor  fcllowa  had  ther 
A  leaon  on  the  Laws  ofMotmi  os,  I  suppose,  they  will  S 

Fa.  I  am  glad  to  find  your  memory  so  cxupllent;  bat  we 
Trill  now  revert  to  our  present  L*eRire:  you  have  in  this  be- 
come atqiiainted  with  the  simple  mechanical  powers,  and 
learned  their  names.     What  have  yon  to  remark  thereon  ? 

Ch.  I  perceive,  plainly,  that  they  are  calculated  to  perform 
what  the  strength  of  any  animal  could  not  effect  witliout 
them ;  but  I  must  confess  I  have  not  understood  much  of  the 
principles  on  which  they  act;  besides,  nothing  has  been  said 
in  respect  of  the  motion  ofvjtigbl. 

Fa.  What  have  you  gathered  from  tte  authors  you  have 
read  on  that  point? 

Ch.  I  understand  that  the  body  which  is  moved,  or 
hindered  from  moving,  is  the  weight.  That  which  moves  or 
sustains  the  weight  is  called  the  jMicer.  By  the  action  of  the 
weight  we  are  not  to  understand  the  motion  of  its  centre  of 
gravity  in  a  horizontal  line,  nor  the  circular  motion  of  the 
parts  about  the  centre  of  gravity:  for,  in  both  these  cases  the 
gravitation  of  the  body  is  no  impediment  to  its  motion.  The 
motion  of  the  weight  is  merely  the  ascent  or  descent  of  its 
centre  of  gravity. 

But  are  there  not,  Papa,  distinct  centres  to  be  consi- 
dered in  connexion  with  Mechanics  in  general? 

Fa.  Tea;  there  are  three  centres.  First,  the  itntre  of 
■ntagnitwk  of  a  body,  which  is  a  point  taken  as  nearly  as  pos- 
sible at  an  equal  distance  from  all  the  outward  parts.  Se- 
condly, tlie  centre  of  motion  of  a  body,  which  is  any  point 
whereon  the  body  may  rest,  or  about  which  it  may  move. 
Thirdly,  the  centre  r^  gravity  of  a  body,  which  is  a  point 
whereon  all  the  parts  of  the  body  balance  each  other;  so  that 
if  tliis  point  be  made  the  centre  of  motion,  the  body  may  be 
placed  and  continued  at  rest  in  any  situation. 

Ch.  Can  any  body  stand  or  retain  its  position  upon  either 
a  horizontal  or  inclined  fJanc  suspended,  unless  a  perpendi- 
cular proceeding  from  the  centre  of  gravity  fall  within  the 
base? 

Fa.  No.    In  lUl  suspended  bodies  at  reat  spon  am;  ocBtre 
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of  modon,  tiie  eentre  of  gnm^  is  either  direct! j  over  or 
directlj  under  tilie  oentre  of  bmmioii. 

QUESTIONS  F(tt   EXAICHATIOK. 


Wbatdoyimmesn  bjrtfae  muaiiemum 

«f  abodjr? — DoyoBknoirlioirtomakB 

tteaMMMteof  vneqiud  bodki»  cciiMd? 

— Wlwt  b  meant  ^  one  bodj  haTing 

Tdocitj   than  aaotlwr? — 

oonnple  will  illMtnte 

St? — Dms  ercrj  part  of  the  minate 

hand  of  a  watch  or  doek  IraTel  twehre 

Ihater  than  the  hoar  hand? — 

fa  ■oantbj  the  ceatre  of  motion 

of  a  watch? — What  parts  of  the  vanes 

of  a  windmill  more  the  faster  ? — Whj 

nn  aoaae  parts  of  the  vanes  of  a  mill  in 

qidck  motion  more  distinguishable  than 

others? — Can  joa  give  me  another  in- 


stance or  twoontidsta]]|ect^— Ifttna- 
Btasary  tohaf«daarideas  with  vsf^wlto 
tfaw  and  tfoett — How  asanj  me^»- 
nical  powers  are  tiiere  ? — ^Wh j  are  thqr 
so  caUed?— What  limits  the  asiistaBBe 
gained  \ff  tksae  powsrs? — it«|J^i« 
what  yon  mean  bj  the  phrase,  that 
**  wliat  we  gain  in  power  we  lose  in 
time."  —  How  are  the  advaatagts  of 
the  mechanirsl  powers  set  fiirth? — 
What  fa  meant  ^aAikrom?  —  What 
fa  the  ftilcrmn<^  a  watch? — Why  fa 
the  pivot  jon  which  sdssan  move  called 
a  lUeram? — Whan  yon  stir  the  five 
with  apolccrwhat  fbnnsthe  ftikmm? 


CONVERSATION  XV 


OF   THE   LEVEK. 


Father.  We  will  now  consider  the  Lever ^  whicli  is  generally 
<»lled  the^r«^  mechanical  power. 

The  lever  is  any  inflexible  bar  of  wood,  iron,  or  other  ma- 
terial, which  serves  to  raise  weights,  while  it  is  supported  at 
a  pcnnt  by  an  immoveable  prop  or  fulcrum,  on  which,  as  the 
centre  of  motion,  all  the  other  parts  turn. —  ^ 

ab,  will  represent  a  lever ,  and  the  point  c,  the  ^        e.^^^\ 
fulcrum  or  centre  of  motion;  and  the  two  parts  V^^^  * 

of  the  lever  divided  by  the  fnlcmm,  are  c^ed  pj^  ,  7 
its  arms.  Now,  it  is  evident,  if  the  lever  turn 
on  its  centre  of  motion,  c,  so  that  a  comes  into  the  position  e; 
h  at  ^Sb/t  same  time  mnst  come  into  the  position  d.  If  both 
tiie  arms  of  the  lever  be  eqnal,  that  is,  if  ac  is  equal  to  6c, 
there  is  no  advantage  gained  by  it;  for  they  pass  over  equal 
iqMiceB  in  the  same  time:  and,  accoo-ding  to  the  fundamental 
principle  already  laid  down  (p.  55)  ^^  as  power  is  gainedy 
Urns  must  be  lost:**  therefore,  no  time  being  lost  by  a  lever  of 
this  kind,  there  can  be  no  power  gained. 
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Ch,  Why,  then,  is  it  called  a  mechanical  power? 

Fa,  Strictly  speaking,  perhaps,  it  ought  not  to  be  so  con- 
sidered; but  it  is  usually  reckoned  as  one,  and  has  \h&fuU 
crum  between  the  weight  and  the  power,  which  is  the  dis- 
tinguishing property  of  levers  of  the  first  Idnd:  and  when  the 
fulcrum  is  exactly  the  middle  point  between  the  weight 
and  power,  it  forms  the  common  balance;  to  which,  if  scales 
be  suspended  at  a  and  6,  it  is  fitted  for  weighing  sdl  sorts  of 
commodities.  The  point  of  suspension  is  the  fulcrum  or 
centre  of  motion;  scales  for  weighing  heavy  bodies  are  some- 
times balanced  upon  this  fulcrum  instead  of  being  suspended. 

Em,  You  say  it  is  a  lever  of  the  Jirst  kind.     Are  there 

several  sorts  of  levers?  c  Fig.  is 

,e I 


Fa,  Yes;  there  are  three  ^-1^ 
sorts:  some  persons  reckon 
four:  the  fourth,  however,  is 
but  a  bended  one,  of  the  first 
kind.  A  lever  of  the  Jirst  Q  -w 
kind,  has  \\ie  fulcrum  between 
the  weight  and  the  power. 

The  second  kind  of  lever  has  the 
fulcrum  at  one  end,  the  power  at 
the  other,  and  the  weight  between 
them. 

In    the    third  kind  the   power 
is  between  the    fulcrum   and  the 


Fig.  la. 


c 


o 


i 


Fig.  30. 


weight. 


C 


s. 
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"  Of  Levers'  powers  the  different  sorts  tr«  three ; 
TYi^fint  in  steel-yards  and  in  scales  joa  see ; 
The  best,  a  second,  is  the  miller's  lift. 
Where  poteer  and  fulcrum  to  each  end  you  shift; 
And  in  the  third  the  worst  of  all,  my  flriend. 
You  find  the  wtight  and  fulcrum  at  each  end." 

Let  US  take  the  lever  of  the  first  kind  (fig.  18),  which,  if  it 
be  moved  into  the  position  cd,  by  turning  on  its  fulcrum,  e, 
it  is  evident  that  while  a  has  travelled  over  the  short  space 
ac,  b  has  travelled  over  the  greater  space  bd;  which  spaces 
are  to  one  another  exactly  in  proportion  to  the  length  of  the 
arms  ae  and  be.  If,  therefore,  you  apply  your  hand  fijrst  to 
the  point  o,  and  afterwards  to  A,  in  order  to  move  the  lever 


Into  llie  poaition  cd,  using  the  BaniP  velocity  in  both  case?, 
j-ou  will  find  that  the  time  spent  in  movinf;  tiie  lever,  when 
the  han<i  is  at  b,  will  be  as  mnili  greater  as  that  spent  wiien 
the   hand  is   at  a,   a.i  the  arm  bt  ia  longer  than  the  ami 

;  but  then  the  exertion  required  will,  in  the  soine  propor- 

Q,  be  lefts  at  b  than  at  a. 

Ch,  The  arm  be  appears  to  be  four  times  the  length  of  cf. 

Fa.  Then  it  ij  a  lever  which  gains  power  in  the  propor- 
"lea  of  four  to  on?:  that  is,  a  single  pound  weight  applied  to 
he  end  of  the  ann  be,  aa  atp,  will  balance  four  (Kiuuds  eus- 
nded  at  ff,  as  10. 

Cit.  I  have  seen  workmen  movu  large  pieces  of  timber 
%  very  email  distances  by  meaas  of  a  long  bar  of  wood  or 
son.     Is  that  a  lever? 

Fa.  Yes:  they  force  one  end  of  the  bar,  termed  a  crow- 
■r,  under  the  timber,  and  then  place  a  block  of  wood,  stone, 
(c,  beneath,  as  near  the  same  end  of  the  lever  as  possible, 
DP  a  fulcrum,  applying  their  own  atreogth  to  the  other. 
?ower  is  giuned  in  proportion  as  the  distance  from  the  ful- 
crum to  the  part  where  the  men  :4>piy  their  strength  is 
peater  than  die  distance  from  the  fulcrum  to  the  end  which 
■  tinder  the  timber. 

1  CA.  It  mnal  be  very  considerable;  for  I  have  seen  two  or 
litree  men  mo^e  a  tree  in  this  way,  of  several  tons  weight,  I 
riiould  think. 

fa.  That  is  not  difficult:  fur,  supposing  a  lever  to  gain  the 
idvantage  of  twenty  to  one,  and  a  man  by  his  natural  strength 
bcdng  able  to  move  but  a  hundred  weight,  he  will  find  thut  by 
■  lever  of  tbia  sort  he  ean  move  twenty  hundred  weight,  or  a 
Ion;  for  single  exertions,  however,  a  strong  man  can  put 
tjFth  a  much  greater  power  than  is  sufficient  to  remove  a 
liundred  weight!  and  some  levers  are  in  use,  hv  which  a  still 

Kire  considerable  advantage  is  gained  thanlhatoftwenty  toono. 

Ch.  I  think  yon  said,  the  other  day,  that  the   common 

(leel-yard  is  a,  lev 


Fa.  I  did  so:  the  abort  arm  a 
ty  an  increase  of  size,  made  tt 
lince  the  longer  one  be,  and  from  c, 
Ute  centre  of  motion,  the  divisiona  ^ 

graduated  niai'ks  must  commence. 
3?ow,  if  4c  be  divided  into  as  many  *''*  ' 
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parts  as  it  will  contain,  each  equal  to  ac,  a  sii^Ie  weighs  aa 
a  pound,  p^  will  serve  for  weighing  anjthing  aa  heavy  aa 
itself,  or  as  manj  times  heavier  as  there  are  graduated  marks 
or  divisions  in  the  arm  c.  If  the  weight  j?  he  placed  at  the 
division  1  in  the  arm  be,  it  w^  balance  one  pound  in  the 
scale  at  a:  if  it  be  removed  to  3,  5,  or  7,  it  will  balance  3,  5, 
or  7  pounds  in  the  scale;  for  these  divisions  being  respectivelj 
dy  5,  or  7  times  the  distance  from  the  centre  of  motion  c  that 
a  is,  it  becomes  a  lever,  which  gains  advantage,  at  those  points, 
in  the  proportions  of  3,  5,  and  7.  If,  now,  the  intervals 
between  the  divisions  on  the  longer  arm  be  subdivided  into 
halves,  quarters,  &c.,  anj  weight  maj  be  accuratelj  ascer- 
tained even  to  halves,  or  quarters  of  pounds,  ke.  In  the 
steel-yard,  the  hook  by  which  it  is  suspended  is  its  fulcrum  or 
prop. 

On  the  same  principle  is  the  See-MHoz  when  two  boys  ride 
see-saw  on  a  pUmk  drawn  over  a  log  of  wood,  the  plunk  is  a 
lever,  the  log  the  fulcrum,  and  one  boy  is  the  power,  and  the 
other  the  weight  or  resistance.  If  the  boys  are  of  equal 
weight,  the  plank  must  be  supported  in  the  midiBe;  to  nuike 
the  two  arms  equal;  if  they  difier  in  weight  the  plank  must 
be  drawn  over  the  prop  to  make  the  arms  uneqiud,  and  the 
lightest  boy  placed  at  the  end  •£  the  longest  arm,  in  order 
that  the  greater  velocity  of  his  motion  may  make  up  for  tile 
greater  weight  of  his  companion,  so  that  their  momenta  may 
be  equal;  and  each  as  he  comes  alternately  to  the  ground  may 
be  called  the  power. 


QUESTIONS  FOR  EZAIONATION. 


What  is  meant  by  a  lerer,  and  for 
what  ii  it  used?  —  Exjdaiii  hj  meant 
of  Hg.  17  its  mode  of  action.  —  Hoir 
many  sorts  of  levers  arc  there  ? —  How 
is  the  Ailcmm  situated  in  the  lerer  of 
the  first  kind  ?->  How  in  that  of  the 
feoond  ? — How  in  the  ildtdf — Bepaat 
the  lines  descriptive  of  the  lever?  — 
In  what  proportion  are  the  spaoet  de- 


scribed by  tb«  anna  of  a  Itver? — Can 
yon  explain  this  by  reftrring  to  fig.  18? 
—What  power  does  a  lever  gain  whose 
two  arms  are  aa  9  to  3  ? —  How  is  It 
that  an  iron  craw  in  moving  timber  oi 
stone,  acta  upon  the  principle  of  a  lever? 
—  Esqilain  by  fig.  !»,  how  II  b  that 
the  oommon  tteel-yavd,  made  nee  of  bv 
tha  bntoher,  is  a  lever* 


CONVERSATION  XVL 
THE  LEyKR^-cotitiuued. 
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Emma.  What  advantage  haa  the  eteel-yartl,  wliirfi  jou  de- 
scribei]  in  our  last  convpraation,  -oicr  a  pair  of  Bcules? 

Fa.  It  maj  be  much  more  readily  removed  jrcim  {ilace  lo 
phee,  and  requires  do  other  appanitus  than  a  single  weight 
nr  ah  the  purposes  to  which  it  can  bo  applied.  Sometimes 
the  artns  are  not  of  eqnal  weight.  In  that  cnse  the  weight  p 
Dmt  be  rooTed  along  the  arm  be,  till  it  cxactlj  bnlanees  the 
other  ami  without  a  weight ;  and  in  that  point  a  notch  must 
be  made,  marking  oier  it  a  cjpher  0,  from  which  the  divi- 
rions  or  gmdaated  marks  mnrt  commence. 

Cft.  Is  there  great  arcuncy  required  ia  the  manafncture  of 
instnimeais  of  this  kind  ? 

Fa.  Yes.  Of  such  imporHmce  ia  it  to  the  public  that  there 
ghould  be  no  cnw  or  fraud  by  means  of  false  weights,  or  false 
balances,  that  it  is  the  business  of  certain  public  officers  to 
examine,  at  stated  seasons,  tbe  weights,  mcaiiures,  &c.,  of 
prery  shopkeeper  in  the  knt).  Tet  it  is  to  be  feared  that, 
after  all  precautions,  much  frand  is  practised  upon  the  nnaus- 
pectiog. 

Em.  One  daj  last  summer  I  bought,  as  I  supposed,  a 
pmnd  at  cherries  at  the  door:  but  Charles  thinking  tliey  did 
not  weigh  a  poirad,  we  tried  them  in  your  scales,  and  found 
but  twelve  ounces  instead  of  a  pound:  and  yet  the  Hcnie 
went  down  as  if  the  man  had  given  me  full  weight.  How 
ns  that  managed? 

,  It  might  be  done  in  many  ways:  by  short  weights,  or 
r  the  scale  in  which  tbe  fruit  was  pirt  being  made  in  some 

y  heavier  dun  tbe  other;  but  fraud  may  be  practised  with 

d  weights  and  even  scales,  by  making  that  arm  of  the 
n  which  the  weights  hang,  shorter  than  tbe  other; 
r  then   a  pound  weight  will  be   Iwlonced   by   aa  much  less 
'   than  a  poand  as  that  arm  is  shorter  than  the  othor. 
s  probably  tlie  method  by  which  you  were  cheated. 
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Em.  By  what  method  could  I  have  disoovered  this  cheat? 

Fa.  The  scales,  when  empty,  are  exactly  balanced:  but 
when  loaded,  though  still  in  equilibrium,  the  weights  are  un- 
equal, and  the  deceit  may  instantly  be  discovered  by  chang- 
ing the  weight  to  the  contrary  scale.  I  will  give  you  a  rule 
to  find  the  true  weight  of  any  body  by  such  a  false  balance. 
The  reason  of  the  rule  you  will  understand  hereafter.  "  Find 
the  weight  of  the  body  by  both  scaks,  mtdtiply  them  together, 
and  then  find  the  square  root  of  the  product^  which  is  the  true 
weight.^ 

Ch.  Let  me  see  if  I  understand  the  rule.  Suppose  a  body 
to  weigh  16  ounces  in  one  scale,  and  in  the  other  12  ounces 
and  a  quarter;  if  I  multiply  16  by  12  and  a  quarter,  I  get 
the  product  196;  the  square  root  of  which  is  14:  for  I  find 
14  multiplied  into  itself  gives  196;  the  true  weight  of  the 
body  therefore  is  14  ounces. 

Fa.  That  is  just  what  I  meant.  To  the  lever  of  the  first 
kind  may  be  referred  many  common  instruments,  such  as 
scissars,  shears,  sugar-nippers,  pincers,  snufiers,  the  hand- 
pike,  toothed-hammer,  pump-handle,  &c.,  which  are  made  of 
two  levers,  acting  contrary  to  each  other. 

Em.  The  rivet  where  the  two  levers  arc  screwed  together 
is  the  fulcrum  or  centre  of  motion;  the  hand  the  power  used; 
and  whatever  is  to  be  cut  is  the  resistance  to  be  overcome; 
therefore  the  longer  the  handles,  and  the  shorter  the  points 
of  the  sdssars,  the  more  easily  will  they  cut;  hence  when 
pasteboard,  or  any  hard  substance  is  to  be  cut  we  use  that 
part  of  the  scissars  nearest  the  screw  or  rivet. 

Ch.  A  poker  stirring  the  fire  is  also  a  lever ;  for  the  bar 
is  the  fulcrum,  the  hand  the  power,  and  the  coals  the  resist- 
ance to  be  overcome. 

Fa.  We  now  proceed  to  levers  of  the  secofid  kind,  in 
which  the  fulcrum  c  (fig.  19,)  is  at  one  end,  the  power  p  at 
the  other  end  6,  and  the  weight  to  be  raised,  Wy  is  somewhere 
between  the  fulcrum  and  the  power. 

Ch.  And  how  is  the  advantage  gained  to  be  estimated  in 
this  lever? 

Fa.  By  looking  at  the  figure  you  will  find  that  power  or 
advantage  is  gained  in  proportion  as  the  distance  of  the 
power  p  from  the  fulcrum  is  greater  than  the  distance  of  the 
AN  eight  w. 
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_  1,  if  the  weight  is  suspended  at  one  inch  from  the 

fblcrum,  and  the  power  acta  at  tive  inches  from  it,  the  power 

gained  is  five  to  one  ;  oronepoiindatp  wiUbalancefiveatto? 

'      Fa.  It  will:  for  you  perceive  that  the  power  passes  over 

he  times  as  great  a.  apace  a»  the  weight;  or,  while  the  point 

'n  the  lever,  moves  over  one  inch,  the  point  b  will  move 

r  five  inchca. 

■  JEm.  WhaX  things  in  common  use  are  to  be  referred  to  t!;e 
bver  of  the  second  kind  ? 
Fa.  The  most  common  and  useful  of  alt  things.  Eve.y 
or,  for  instance,  which  turns  on  hinges,  is  a  lever  of  tiiia 
The  hing'es  may  be  considered  as  the  fulcrum  or  centre  of 
lotion  i  the  whole  door  is  the  weight  to  be  moved  ;  and  t'.ie 
I'  power  is  applied  to  that  aide  on  which  the  handle  is  usually 

Em.  Now  I  see  the  reason  why  there  is  considerable  dif- 
ulty  in  pushing  open  a  heavy  door,  if  the  hand  is  applied 
p  any  port  near  the  hinges  ;  although  it  may  be  opened  ^vith 
Ac  greatest  ease  in  the  usual  method. 

1  Ch.  Thia  Bofa,  with  my  sister  upon  it,  represents  a  lever  of 
'  e  second  kind.     Does  it  not,  Fspa? 

f  Fa.  Certainly;  if,  while  she  is  sitting  upon  it,  in  the  mid- 
f  you  raise  one  end,  while  the  other  remains  lised  as  a 
vp  or  fulcrum.  Similar  to  this  is  the  wheel-barroui;  in 
hich  the  axis  of  the  wheel  ia  the  fulcrum,  the  load  and 
■,  the  weight  orreaiatance,  and  the  force  of  the  labourer, 
e  power.  To  thia  kind  of  lever  may  be  also  referred  nut- 
■ekera,  oars,  rudders  of  ships;  and  those  cutting  knives 
h  one  end  filed  in  a  block,  used  for  cutting  chafl',  drugs,  and 
'  s  uses  ;  also  lemon  and  cork  squeezers,  &c. 
I  Em,  I  do  not  see  how  oars  and  rudders  are  levers  of  this 

j^a.  The  boat  is  the  weight  to  bo  moved,  the  water  is  the 
Icnun,  and  the  waterman  at  the  handle  of  the  oar  the  power; 
B  that  the  force  with  which  the  boat  is  impelled,  ia  to  that 
terted  by  the  rower,  as  the  distance  from  the  middle  of  the 
o  the  point  where  he  grasps  the  oar,  ia  to  the  distance 
a  the  some  point,  to  the  side  of  the  boat.  The  maata  of 
re  also  levera  of  the  second  kind ;  for  the  bottom  of  the 
is  the  Ailcrum,  the  sliip  the  weight,  and  the  wind  act' 
g  against  the  sail  is  the  moving  power. 
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The  knowledge  of  this  principle  may  be  useful  in  many 
situations  and  circumstances  of  life.  If  two  men,  unequal  in 
strength,  have  a  heavy  burden  to  carry  on  a  pole  between 
them,  the  ability  of  each  may  be  consulted  by  placing  the 
burden  as  much  nearer  to  the  stronger  man  as  his  strength 
is  greater  than  that  of  his  partner. 

jfem.  Which  would  you  call  the  prop  in  this  case  ? 
Fa,  The  stronger  man:  for  the  weight  is  nearer  to  him;  and 
the  weaker  would  then  be  considered  as  the  power.  Again, 
two  horses  may  be  so  yoked  to  a  carriage,  that  each  shall 
draw  a  part  proportioned  to  his  strength,  by  dividing  the 
beam  in  such  a  manner,  that  the  point  of  traction^  or  draw- 
ing, may  be  as  much  nearer  to  the  stronger  horse  than  to  the 
weaker,  as  the  strength  of  the  former  exceeds  that  of  the 
latter. 

We  will  now  describe  the  third  kind  of  lever,  the  great 
object  of  whicJi  is  to  produce  great  velocity  by  an  expendi- 
ture of  force.  In  this,  the  prop  or  fulcrum  c  (fig.  20.)  is  at 
one  end,  the  weight  tr,  at  the  other,  and  the  power  p  is  ap- 
plied at  hy  somewhere  between  the  prop  and  the  weight. 

Ch,  In  this  case,  the  weight,  being  farther  from  the  centre 
of  motion  than  the  power,  must  pass  through  more  space  than 
the  former. 

Fa.  And  what  is  the  consequence? 
Ch,  That  the  power  must  be  greater  than  the  weight; 
and  as  much  greater  as  the  distance  of  the  weight  from  the 
prop  or  fulcrum  exceeds  the  distance  of  the  power  from  the 
prop;  hence,  to  balance  a  weight  of  three  pounds  at  a,  there 
will  be  required  the  exertion  of  a  power,  />,  acting  at  5,  equal 
iofive  pounds. 

Fa,  Since,  then,  a  lever  of  this  kind  is  a  disadvantage  to 
the  moving  power,  it  is  but  seldom  used,  and  only  in  cases 
of  necessity;  such  as  in  that  of  a  ladder,  which,  being  fixed 
at  one  end  against  a  wall  or  other  obstacle,  is,  by  the  strength 
of  a  man's  arm,  raised  into  a  perpendicular  position.  But 
the  most  important  application  of  this  third  kind  of  lever  is 
manifest  in  the  structure  of  the  limbs  of  animals,  particularly 
in  those  of  mankind.  The  fulcra  are  the  joints,  the  power 
is  supplied  by  muscles  through  the  intervention  of  tendons, 
attached  very  near  the  fulcra,  and  the  direction  of  their  ten- 
sions very  oblique  te  the  direction  of  the  limb.    Let  us  take 
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r:ie  ann  M  ui  instance.  When  we  lift  a  weight  bjthe  haad, 
■  i^  principally  etfected  by  mennaofn  muscle  coming  from  the 
bouldi-r  blade,  and  terminating  about  oae-tenth  aa  far  beluw  the 
dbo-w  110  ihe  liand  is.  The  elbow  being  the  centre  of  motion, 
round  which  the  lower  part  of  the  arm  turns,  according  to  the 
prifustple  just  laid  down,  theinascle  must  exert  a  force  ten  times 
M  great  as  the  weight  that  is  raised.  At  first  view.  Ibis  may 
appear  a  disadvantage;  but  what  is  loet  in  power  is  gained  in 
Tclocityi  and  thus  the  homan  figurei  by  a  wise  Prorideace, 
ie  better  adapted  to  the  Tarious  functions  it  has  to  perform. 

Fa.  Can  you  tell  me  what  people,  in  ancient  times,  used 
the  Bteel-yanl  instead  of  scalea? 

Ch.  Tbe  Romans,  according  to  all  accounts,  used  it   in 
conimoa;  indeed,  we  see  it  in  the  fioj-rc/iV/i  on  their  buildings, 
hdd  by  a  figure  of  Justice,  in  the  same  manner  as  the  scales 
e  held  by  a  similar  figure  on  modern  edifices.     Tlie  steel- 
_fd  ia  known  to  us,  therefore,  by  the  term,  Stalera  Rotnana, 
hit  do  you  not  think,  Papa,  that  the  scales  are  better  calcu- 
■ted  to  weigh  with  precision? 
Fa.  I  doubt  not  that  they  are  preferable;  for  an  artful 
a  may,  by  a  shght  touch  of  the  lever  of  the  steel-yard, 
re  us  very  much  in  the  weight. 
Ch.  True;  but  cannot  deceptive  tricks  be  exercised  also 
with  tbe  scales? 

Fa.  Undoubtedly;  and  the  poor  are  often  cheated  by  too 
refined  a  knowledge  of  retailers  in  the  use  of  tbe  balance. 
The  only  way  lo  taie  that  power  out  of  their  hands  effectu- 
ally, would  be  an  act  of  the  Legislature,  giving  every  buyer 
the  right  of  putting  the  weight  into  which  ever  scale  he  should 
prefer.  I  am  gratified  to  find  that  you  exercise  your  mind 
in  the  canse  of  humanity,  as  well  as  in  that  of  knowledge;  but 
we  muft  close  our  present  conversation. 
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lever  of  the  flrrt  kind  ? — Why  are  they 
aorefened? — Show  me  by  means  of 
flg.  19.  the  action  of  a  lever  of  the 
second  kind,  and  what  advantage  is 
gained  by  it  ? — What  things  hi  com- 
mon use  are  to  be  referred  to  the  lever 
of  the  second  kind  ?  — What  causes  the 
difficulty  of  moving  a  heavy  door,  when 
the  hand  is  applied  to  that  part  next 
to  the  hinges  ? — Mention  some  other 
things  that  act  as  levers  of  the  second 
kind. — Can  the  knowledge  of  this  prin- 
ciple be  made  practically  useftil  in  other 


inatances? — How  is  the  case  of  two  men 
of  unequal  strength  carrying  a  burden, 
referable  to  tlie  i^dple  of  a  lever  of  the 
second  kind? — Is  the  same  principle 
^yplicalde  to  the  horse  drawing  a  car- 
riage?— Describe  by  fig.  30,  the  lever 
of  the  third  kind.  —  What  proportion 
must  the  power  bear  to  the  weight  in 
levers  of  this  kind  ?  —  Is  any  advantage 
gained  by  this  lever  as  a  moving  power? 
In  what  cases  is  it  used? — What  is  the 
most  important  application  of  the  prin- 
ciple of  this  lever? 


CONVERSATION  XVH. 
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Father,  Well,  Emma,  do  you  understand  the  principle  of  the 
lever,  which  we  discussed  so  much  at  large  yesterday  ?  1 . 

Em,  I  think  so,  Papa :  the  lever  gains  advantage  in  pro- 
portion to  tlie  space  passed  through  by  the  acting  power;  that 
is,  if  the  weight  to  be  raised  be  at  the  distance  of  one  inch 
from  the  fulcrum,  and  the  power  is  applied  nine  inches  distant 
from  it,  then  it  is  a  lever,  which  gains  advantage  as  9  to  1 ; 
because  the  space  passed  through  by  the  power  is  nine  times 
greater  than  that  passed  through  by  the  weight;  and,  there- 
fore, what  is  lost  in  time,  by  passing  through  a  greater  space, 
is  gained  in  power. 

Fa,  You  recollect  also  what  the  different  kinds  of  levers 
are,  I  hope. 

Em,  I  shall  never  see  the  fire  stirred  without  thinking  of 
a  simple  lever  oiXhQ  first  kind;  and  my  scissars  will  frequently 
remind  me  of  a  combination  of  two  levers  of  the  same  sort; 
the  opening  and  shutting  of  the  door,  will  prevent  me  from 
forgetting  the  nature  of  the  lever  of  the  second  kind;  and,  I 
am  sure  that  I  shall  never  see  a  workman  raise  a  ladder 
against  a  house  without  recollecting  the  Mrd  sort  of  lever. 
Beside-s,  I  consider  that  a  pair  of  tongs  is  a  lever  of  this 
kind. 

Fa,  You  are  right;  for  the  fulcrum  is  at  the  joint,  and  the 
power  is  applied  between  that  and  the  parts  used  in  taking  up 
coals,  &c.     So,  also,  is  the  treddle  of  a  tumin&r-lathe,  and  the 
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tAnrs  used  by  sheep-shearers,  and  sugar-tongs.     Can  you, 
rCbarle*,  icD  mc,  how  the  principle  of  momentum  applies  to 
ie  lever? 

Ch.  The  momentum  of  a  body  is  cstintated  by  ita  weighty 
multiplied  into  ita  Telocity;  and  the  velocity  must  be  calcu- 
liiled  by  the  space  passed  through  in  a  given  time.  Mow,  if 
]  examine  the  lever,  in  the  engravings,  p.  60,  and  consider  it 
a  an  inflexible  bar  turning  on  a  centre  of  motion,  it  in  evi- 
dent that  tbe  same  time  is  used  for  tbe  motion  both  of  the 
weight  and  the  power;  but  the  spaces  passed  over  are  very 
diCTeretit;  that  which  tbe  power  posses  through,  bt;ing  as 
much  greater  than  that  passed  by  the  weight,  as  the  length 
I'f  the  distance  of  tlie  power  from  the  prop  or  fulcrum  is 
greater  than  the  distance  of  tbe  weight  from  the  prop;  and 
the  velocities  being  as  the  spaces  passed  in  the  same  time, 
IjBtifit  be  greater  in  the  same  proportion.  Consequently,  the 
dly  of  p,  the  power,  multiplied  into  ita  weight,  wiJl  be 
1  to  the  smaller  velocity  of  w,  multiplied  into  its  weight; 
thaij,  their  momenta  being  equal,  they  will  balance  one 

/.  Thia  applies   to  the  ^rst  and  itaond  kind  of  lever. 
it  do  you  say  to  the  third? 

1,  In  the  third,  the  velocity  of  the  power  p,  (fig.  20,) 
IpiDg  less  tluuj  tliat  of  the  weight  tr,  it  is  evident,  in  order 
Wt  their  momenta  may  be  equal,  that  the  weight  acting  at 
t  be  as  much  greater  than  that  of  w  as  a  c  is  less  than 
i  then  they  will  be  in  equilibrium. 
We  come  now  to  the  second  Mechanical  power,  viz., 
!  fVieel  and  AxU,  which  gains  power  in  proportion  as  the 
oference  of  the  wheel  is  greater  than  that  of  the  aitle. 
diine  may  be  referred  also  to  the  principle  of  a  pcr- 
lat  Lever:  ab  is  the  wheel,  cd  its 
f  the  circumference  of  the 
1  be  eight  times  as  great  as  tbiit  of 
'  \,  then  a  single  pound,  ^,  will  ba- 
e  a,  weight,  lo,  of  eight  pounds.  It  is 
cipally    used    in    the    elevation    of  Fig.  2» 

■its. 

.  Is  it  by  an  instrument  of  tiiis  kind  that  water  is  drawn 

n  those  deep  welts  so  common  in  many  parts  of  the  country? 

'   '  i  but,  as  in  most  cases  of  this  kind,  only  u  single 
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bucket  b  raised  at  once,  there  rwjuires  but  Utile  power  in  the 
operation,  anil  thereibro,  instend  of  a  lai^  wheel,  oa  ab,  an 
iron  handle,  called  a  winch,  fixed  at  c,  is  employed,  which, 
you  can  well  imagine,  by  its  circHlar  motion,  to  answer  the 
purpose  of  a  wheel.     This  construction  is  called  a  tehid/ass. 

Ch.  I  can  fancy  the  iron  shaft  attached  to  the  handle  to 
represent  tlic  spoke  of  a  wheel,  and  I  once  raised  some  watej" 
by  a  machine  of  this  kind,  and  found  that,  as  the  bucket 
ascended  nearer  the  top,  the  difficulty  increased. 

Fa.  Tliat  must  always  be  the  case  where  the  wells  are  ao 
deep  as  to  cause,  in  the  ascent,  the  rope  to  coil  more  than 
once  round  the  length  of  the  axle;  because  the  advantage  gained 
is  in  proportion  as  the  circnmference  of  the  wheel  is  greater 
than  that  of  the  axle;  so  that,  if  the  circumference  of  the 
wheel  be  12  tiroes  greater  than  that  of  the  axle,  one  pound 
applied  at  the  former  will  balance  12  hanging  at  the  latter; 
bnt,  by  the  coihng  of  the  rope  round  the  axle,  the  difference 
between  the  circumference  oif  tlie  wheel  and  that  of  the  axle 
oonlinually  diminishes,  the  advantage  consequently  gained 
is  less  every  time  a  new  coil  of  rope  is  wound  on  the 
whole  length  of  the  axle.  This  cxpl^s  why  the  difficully 
of  drawing  the  water  or  any  other  weight  increases  as  it 
ascends  nearer  the  top. 

Ch.  Then,  by  dinunishing  the  axle,  or  by  increasing  the 
length  of  tlioliandle,  or  size  of  tlie  wheel,  advantage  is  gained? 
Fa.  Yes;  by  either  of  those  methods  you  may  gain  power; 
but  it  is  very  evident  that  the  axle  cannot  be  diminished  be- 
yond a  certain  limit  without  rendering  it  too  weak  to  sus- 
tain the  weight;  nor  can  the  handle  be  managed  if  it  be  con- 
Btructed  on  a  scale  much  larger  than  n-hat  is  commonly  used. 
Ch.  We  must,  therefore,  have  recourse  t«  the  wheel,  with 
spikes  standing  out  of  it  at  certain  distances  from  each  other, 
tu  serve  as  levers. 

Fa.  You  may  by  this  means  increa;^e  your  power;  but  it 
must  be  at  the  expense  of  time;  tor  ytni  know  tlwt  a  simple 
handle  may  bo  turned  several  times  while  you  are  pulling  the 
wheel  round  once.  The  conical  wheel  of  a  watch,  called  the 
Jiufe,  is  made  in  the  shape  of  a  cone,  so  that  its  radii  may  in- 
crease exactly  in  tlie  proportion  in  which  the  power  dimi- 
nishes. When  the  watch  is  just  wound  up  the  fusee  acti  by 
its  smallest  radius,  and  as  the  spring  or  power  weakens,  the 
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radius  comes  into  operation.    To  the  principle  of  the 

and  axU  may  be  referred  the  griitdsloae,  the  capstan  of 

ipe^  and  windlass,  and  all  those  numerous  kinds  of  cranes 

Which  are  to  be  seen  at  the  differeot  wharfs  on  the  banks  of 

tte  rivere  and  canala,  &c. 

Ck.  What  kind  of  a  thing  is  a  capstan.  Papa? 

Fa.  A  capstan  is  of  aimibir  eonstructioii  to  the  windlass, 

ozcept  that  the  axle  or  cylinder  round  which  the  rope  coils  is 

placed  horizontally  but  vertically ;  and  tiie  power  is  ap- 

riied  bj  means  of  a  series  of  levers  placed  round  it  at  equal 

stances  in  the  direction  of  radii. 

Ck.  I  have  seen  a  crane  consisting  of  a  wheel  large  enough 

Fa.  Id  this  the  weight  of  the  man,  or  men  (for  there  are 
metimes  two  or  three),  is  the  moving  power:  for,  as  the 
ta  steps  forward,  the  part  upon  which  he  treads  becomes 
e  heaviest,  and  conseqaently  descends  till  it  be  the  lowest. 
a  the  same  principle,  you  may  see,  at  the  door  of  many 
rdcage-makers,  a  bird,  which,  by  its  weight,  will  give  a 
uier  cage  a  circular  motion.  Now,  if  there  were  a  small 
right  suspended  to  the  axle  of  the  cage,  the  bird,  by  its 
jtioo,  would  draw  it  up:  for,  as  it  hops  from  the  bottom 
r  to  the  next,  its  momentum  canses  that  to  descend;  and 
DB  the  operation  is  performed,  both  with  regard  to  the  cage 
to  those  large  cranes  which  you  have  seen:  and  so  in 
ire!  cages. 
Id  like  manner  tread-wheeli  on  a  very  large  construction 
ivebeen  employed  in  our  prisons  to  give  motion  to  the  axle; 
e  strength  of  the  l^s,  combined  with  the  weight  of  the 
idr,  giving  much  greater  power  than  the  arms. 
£tn.  Is  there  no  danger  if  a  man  happens  to  slip? 
Fa.  If  the  weight  be  very  great,  a  shp  with  the  foot  may 
I  attended  with  very  dangerous  consequences.  To  prevent 
luch,  there  is  generally  fixed,  at  one  end  of  the  axle,  a  Utile 
heel,  g  (fig.  22,)*  called  a  racket  wheel,  with  a  catch  A,  to 
U  into  its  teeth:  this  will,  at  any  time,  support  the  weight, 

case  of  an  accident.  Sometimes,  instead  of  men  walkiug 
Ithin  the  great  wheel,  cogs  are  set  round  it  on  the  outside, 
d  a  small  tmndle  wheel  lo  be  turned  by  a  winch  is  made  to 
grk  in  the  cogs. 

■  SeooigtBring,  p.  63. 
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C%.  Are  there  not  other  kinds  of  cranes^  in  the  use  of 
which  there  is  no  such  danger  as  you  have  been  describing? 

Fa.  Tou  should  know,  tdj  dear  children,  that  the  crane  is  a 
machine  of  so  much  importance  to  the  commercial  concerns 
of  this  country  that  alterations  and  improvements  in  it  are 
continually  offered  to  the  public.  When  we  go  to  the  library 
I  will  show  you,  in  the  tenth  volume  of  the  ^^  Transactions  of 
the  Society  for  the  Encouragement  of  Arts  and  Sciences,"  an 
engraving  of  a  safe,  and,  I  believe,  very  excellent  crane,  in- 
vented by  Mr.  James  White,  who  possessed  a  most  extraor- 
dinary genius  for  mechanics. 

CA.  But  you  said  that  this  mechanical  power  might  be 
considered  as  a  lever  of  the  first  kind. 

Fa,  I  did:  and  if  you  imagine  the  wheel  and  axle  (fig.  22,) 
to  be  cut  through  the  middle  in  the  direction  a  by 
fg  b  (fig.  23,)  will  represent  a  section  of  it:  a  b 
is  a  lever,  whose  centre  of  motion  is  c;  the 
weight  Wy  sustained  by  the  rope  a  ir,  is  applied 
at  the  distance  c  a  the  radius  of  the  axle;  and 
the  power  p^  acting  in  the  direction  bp,  is  ap-  Fi^.  28> 
plied  at  the  distance  cby  the  radius  or  spoke  of  the  wheel; 
therefore,  according  to  the  principle  of  the  lever,  the  power 
will  balance  the  weight  when  it  is  as  much  less  than  the 
weight  as  the  distance  cb  \&  greater  than  the  distance  of 
the  weight  a  c.  You  cannot  but  have  admired  in  mills  and 
factories,  the  immense  wheel  whose  revolution  puts  the 
whole  machinery  into  motion,  and  which  requires  one  or 
two  horses  to  turn  it .  sometimes  a  stream  of  water  effects 
the  purpose,  as  in  a  water-mill;  sometimes  the  wind,  as  in 
the  windmill;  but  the  greatest  power  of  all  is  the  steam- 
engine,  and  it  is  indeed  the  most  efficient  and  most  con- 
venient. We  shall  have  occasion  to  speak  of  it  more  fully 
by  and  by. 

Ch.  Are  there  not  many  improvements  made  in  the  wheel 
and  axle? 

Fa.  Yes,  there  are ;  I  have  observed  many  new  machines 
on  this  construction  in  the  docks  and  on  board  ships.  These 
improvements,  however,  can  only  be  made  in  the  execution  and 
power  of  the  machinery;  as  the  principles  cannot  be  changed. 

Ch,  You  told  us  in  the  last  conversation  that  the  wheel 
and  axle  gains  power  in  proportion  as  the  circumference  of 
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e  wfieel  is  greater  than  that  of  ibe  axle.     Does  not  the 
llhivknese  of  the  rope  hare  some  influence  upon  it? 

Fa,  If  the  thickness  of  the  rope  be  considerable,  its  semi- 
metermust  be  added  both  to  the  radius  of  the  wheel  and  to 
:a  of  the  axle.  When  the  rope  begins  to  cover  the 
«le  a  third  time,  five  times  the  semi-diameter  of  the  rope 
Hist  be  added  to  the  radiua  of  the  axle. 

Ch.  In  that  case,  if  the  machine  is  to  be  worked  always  with 
'  e  Eune  velocity,  the  power  must  be  increased  every  time 
e  rope  recedes  from  the  axle? 
Fa,  Te^  undoubtedly. 

QOESTIOUS  FOn  ESAMIXATION. 
I   Eipldia  thegenorajprinoiplei  oflhe  I  limit  to  lliettdtinlage  lobe(|»fiied? — 

tfviU  preteel  you  from  Ibrgeltlog  oTlbiiHgcinaof wbeclg? — Eipliiohon 
in)p»rtlMo(eicb? — Bowdoeattie  time  la  Icwt  m  powEt  l»  filnedP  — 
4ilc  at  wiuariMB  apply  lo  the  {  Wlut  macblnni  &re  to  be  reflimd  lo 

be  HiHHid  mecbuilcBt    the  prindpli  of  the  wheel  uiaiuile? — 

oe>  it  Enin  poner? —    Kxplali 


F  ii  t4}  be  referred  to  the 
i«  lever?  —  To  wbM  piu^ 
M  li  the  irtied  uid  axle  applied  ^-— 
ky  1b  deep  well!  does  tbe  bucket  ip- 
■rliatTler  u  it  appnnchea  the  top 

a  Bdnsuc*  gilDed?  — Wbst  la  tUe 


and  lower  welgbu? 
■otioa  of  thae  cnoe 
What  guard  la  tliere  lo 


COKTERSATION  XVIU. 


*  Father.  The  third  mechanical  power  is  the  pH//<;y,  which  is 
:  flat  piece  of  wood  or  metal,  termed  llie  box  or 
Btve,  or  the  block,  containing  a  wheel  moveable  about  an 
is,  with  a  string  miming  in  a  groove  round  it,  by  means  of 
a  wraght  may  be  pulled  up.  It  may  be  ex-  ^ 
I  on  the  principle  of  the  lever.  The  line,  ab, 
J  be  conceived  to  be  a  lever,  whose  a 
are  equal,  and  c  the  fulcrum,  < 
It  now,  tw 
Dig  on  tbe  cord  p 


J  equal  weights, 

r  the  pulley, 


\ 
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Ck.  This  pulle;^')  tl>di  like  the  common  balance,  gives  no 
advuntiige. 

Fa.  From  the  sJngle^fixed  puUcj  no  mechanical  advantage 
is  derived;  but,  nevertheless,  it  is  of  great  importance  in 
chanipng  the  direction  of  a  power;  and  is  very  mucit  used  in 
buildings  for  dravrlng  np  small  n-dghts,  bj- drawing  down  the 
string:  as  it  ia  far  easier  for  a  man  to  raise  each  burdens  by 
means  of  a  single  puUey  thiui  to  carry  them  up  a  long  ladder. 
Pulleys  are  also  used  for  drawing  up  curtains,  sails  of  ships,  8tc. 

£iu.  Why  is  it  called  a  mechanical  powtr? 

Fa.  Although  a  single  flsed  pulley  gives  no     V  ^gg 
advantage,  yet,  when  it  is  not  fixed,  or  when  two  "''WS^  ]' 
or  more  are  combined  into  what  is  called  a  a/item      pT 
or  taeite  ofpuUtya,  they  then  possess  all  the  pro-  l«l 

pcrties  of  the  other  mechanical  powers.  Thus,  in  ^\Su^ 
cdp,  c  is  the  fulcrum;  therefore,  a  power,  p,  acting  b-**^ 
at  b,  will  sustain  a  double  weight,  ic,  acting  at  a;  O 

for  6c  is  double  the  ifcrtance  of  ae  from  the  Fig.  tfc 
fulcrum. 

Again,  it  is  evident,  in  the  present  case,  tfaat  the  whole 
weiglit  is  eustuned  by  the  cord  ep;  and  whatever  sustains 
half  the  cord  su-itains  also  half  the  weight;  but  one  half  is 
sustained  by  the  fixed  hook,  e;  consequently,  the  man  or 
powei'  at  p,  has  only  the  other  half  1o  sustain,  or,  in  other 
■words,  any  given  power  at  p  will  keep  in  equilibrium  a  double 
weight  at  w. 

Ch.  Is  the  velocity  of  p  double  that  of  to? 

Fa.  Undoubtedly.  K  you  compare  the  space  passed 
through  by  the  hand  at  p,  with  tliat  passed  through  by  ic,  you 
will  find  that  the  former  is  just  double  of  the  latter;  and, 
therefore,  the  momenta  of  the  power  and  weight,  as  in  the 
lever,  are  equal. 

Ch,  I  think  I  see  the  reason  of  this:  for,  if  the  wdght  be 
raised  an  inch,  or  a  foot,  both  sides  of  the  curd  must  also  bo 
raised  on  inch,  or  a  foot:  but  this  cannot  happen  unless  that 
part  of  the  cord  at  p  pass  through  two  inches,  or  two  feet,  of 

Fa.  You  will  now  easily  infer,  from  what  has  been  already 
shown  of  the  single  movrable  pulley,  that  in  a  system  ofpal- 
hyt,  the  power  gained  must  be  estimated  by  doubling  tlie 
number  of  pulleys  in  the  lower  or  moveable  block:  so  that. 
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irben  the  flred  block,  a,  contains  two  pulleys  which    ' 
otdy  turn  on  their  axes,  and  the  lower  block,  b,  con- 
taine  also  two  pulleys,  whic-h  not  only  turn  on  their 
jkxea,  bat  also  rite  with  the  weight,  the  advantage  is 
as  four:  that  is,  a  single  pound  at  p  will  sustain  tour 

Ch.  In  the  present  instsncc  also  I  perceive  that, 
hf  ntising  w  on  inch,  there  are  four  ropes  shortened 
l.'Mcli  an  inch;  and  therefore  the  hand  must  h:ivc 
I  jam  II  i1  tlirougb  foar  inches  of  space  in  raising  the 
I  treight  a  single  inchi  which  establishes  the  maxim, 
I  that  "  what  is  giiined  in  power  is  lost  in  space."  f|.  jg 
F  Sot,  PapA)  you  have  only  talked  of  the  power  of 
I  feglancuig  or  sustaining  the  weight.  Something  more  must, 
"       sume,  be  added  to  raise  it. 

I.  Certttinly.  Conaiderable  allowance  must  also  be  made 
he  friction  of  the  cords,  pivots,  or  axes,  on  wliich  the 
ys  tnm.  In  the  mechaniml  powers  generally,  one  third, 
e  power  must  be  added  for  the  loss  sustained  by  iriction, 
'or  the  impei'fect  manner  in  which  machines  are  emu- 
nly  constructed.  Thus,  if  by  theory  you  gain  a  power  of 
'n  practice  you  must  reckon  only  upon  400.  In  the 
s  which  we  have  been  describing,  writers  have  taken 
of  three  tilings,  which  take  much  from  the  general 
uatage  and  convenience  of  pulleys  as  a  mechnuical 
The  _firit  is,  that  the  diameters  of  the  axes  bear  n 
I  proportion  to  their  own  diameters.  The  nccond  is,  that, 
'orking,  they  are  apt  to  rub  against  one  another,  or  against 
B  Bide  of  the  block.  And  the  third  disadvimtfige  is,  the 
IS  of  tbe  rope  that  goes  over  and  under  them. 
;  first  two  objections  hare  been,  in  a  great  *< 
e  removed  by  the  concentric  pulley,  invented 
It.  White:  &  is  a  solid  block  of  brass,  wherein  / 
i  are  cut,  in  the  proportion  of  1,  3,  5,  7,  9, 
. ;  and  a  is  another  block  of  the  sauio  kind,  whose  | 
»res  are  in  tbe  proportion  of  2,  4,  li,  8,  10,  ' 
;  and  round  these  grooves  a  cord  is  passed 
'  which  means  they  answer  the  purpose  of  s 
Bttany  distinct  pulleys,  every  point  of  which,  mov- 
■  Ing  with  the  velocity  of  the  cord  in  contact  with  j 
whole  friction  is  removed  to  the  two  cet 
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of  motion  of  the  blocks  a  and  b:  besides,  it  is  of  no  small  ad- 
vantage, that  the  pulleys  being  all  of  one  piece,  there  is, 
in  consequence,  no  rubbing  one  against  the  other. 

Em.  Do  jou  calculate  the  power  gained  by  this  pulley  by 
the  same  method  as  with  the  common  pulley? 

Fa,  Yes;  for  pulleys  of  every  kind  the  rule  is  general:  the 
advantage  gained  is  found  by  doubling  the  number  of  the 
pulleys  in  the  lower  block:  in  the  pulley  before  you  there  are 
six  grooves,  which  answer  to  as  many  distinct  pulleys,  and, 
consequently  the  power  gained  is  twelve^  or,  one  pound  at  p, 
will  balance  twelve  pounds  at  w. 

Various  other  systems  of  pulleys  have  been  invented,  but 
it  would  not  be  worth  while  to  incumber  your  memory  with 
them,  as  they  have  been  found  less  practicable  than  those  we 
have  described. 

Ch,  When  there  is  a  combination  of  pulleys,  what  did  you 
say  it  was  denominated.  Papa? 

Fa,  It  is  called  a  Tackle;  and  the  box  containing  the 
pulleys  is  called  a  Block, 

Ch,  In  a  combination  of  separate  pulleys,  where  each  lower 
pulley  has  its  own  peculiar  rope,  or  string,  what  must  be  the 
proportion  of  the  power  to  the  weight? 

Fa,  It  must  be  as  one  is  to  two,  continually  doubled  as 
many  times  as  there  are  lower  pulleys.  You  have  learned 
that  the  upper  pulley,  over  which  the  rope  nms,  only  serves 
to  alter  the  direction  of  the  power.  What,  then,  is  the  power 
it  gains  by  the  addition  of  the  lower  pulley? 

Ch,  By  means  of  that,  the  power  moves  twice  as  fast  as 
the  weight;  and,  therefore,  to  make  an  equilibrium,  the 
weight  must  be  double  the  power. 


QUESTIONS  FOR  EXAMINATION. 

Can  the  principle  of  the  pulley  be  i  in  s  system  of  polleys?  —  How  much  is 
referred  to  that  of  the  lever  ?  See  fig.  24.  I  to  be  allowed  for  ftiction  and  other  im- 


— -  Is  any  mechanical  advantage  gained 
from  the  single  fixed  pulley  f  —  Why  is 
it  called  a  mechanical  power? — £x- 
plaha  its  action  by  fig.  25. — In  the  lever 
what  must  be  the  proportion  of  the  mo- 
mentum of  the  power  to  that  of  the 
lever? — How  is  the  power  estimated 


perfections  in  the  mechanical  powers  ? 
—  What  are  the  chief  defects  in  the 
operation  of  pulleys  ?  —  Have  these  or 
any  of  them  been  obviated;  and  by 
what  means? — What  is  the  general 
rule  for  calculating  the  power  of  pul- 
leys? 


CONVERSATION    XIX. 


OF  THE   INCLINED   PLANE. 


Father.   "We  may  now  describe  the  inclined  plane,  which  is 
tbe/ourth  mechiuiical  power.     It  is  merely  a  slope  or  declivity 
mployed  to  facilitate  the  drawing  up  of  great  weights. 
CA.  Yon  will  Dot  he  able,   1  lliink,  to  reduce  this  also  to 
&e  principle  of  the  lever. 

fa.  No;  it  ia  a  distinct  principle;  and  some  writers  on 
e«e  sabjecti  reduce  at  once  the  six  mechanical  powers  to 
roi  Tis:.,  the  lecer  and  the  inclined  plane. 
£m.  How  do  you  estimate  the  advantage  gained  by  tliis 
Bechanical  power? 

fa.  The  method  is  very  easy;  for,  just  as  much  as  the 
ngth  of  the  plane  exceeds  its  perpendicular  height,  ao  much 
I   the  advantage  gained.     Suppose  aft  a 
lane  standing  on  the  table,  and  cd  another 
lane  iachned  to  it;  if  the  length,  cd,  be 
e  times  greater  than  the  perpendicular 
«gbt,  the  cylinder,  e,  will  be  supported  „ 
)on  the  plane,  erf,  by  a  weight  equal  to  Fig.  as. 

e  third  part  of  its  own  weight. 

£m.  Coidd  I,  then,  draw  up  a  weight  on  eoch  a  plane  with 
i  third  part  of  the  strength  that  I  must  esert  in  lilting  it  up 
t  the  end? 
Fa.  Certainly  you  might,  making  allowance,  however,  for 
e  friction:  hut  then,  you  must  observe  that,  as  in  the  other 
echaoical  powers,  you  will  have  three  times  the  space  lo 
iss  over;  or,  as  you  gain  power  you  will  lose  time. 
C7i,  Now  I  understand  the  reason  why,  sometimes,  there 
e  two  or  three  strong  planks  laid  from  the  street  to  the 
tnind-floor  warehouses,  forming  an  inclined  plane,  on  whieli 
rge  casks  and  heavy  packages  are  raised  or  lowered. 
Fa.  The  inclined  plane  ia  chiefly  used  for  raising  heavy 
eights  to  small  heights;  for,  in  warehousea  situated  in  tlie 
)per  parts  of  buildings,  cranes  and  pulleys  are  hetter  adapted 
r  the  purpose:  it  is  now,  however,  beginning  to  be  much 
Qpkiyed  in  the  construction  of  roads,  especially  rail-roads. 
C%.  I  have  sometimes,  Papa,  amused  myself  by  observing 
e  difference  of  time  wlidcb  one  marble  has  taken  to  roll  down 
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m  anoolb  bottrd,  and  SDodier  wUdk  Ins  fidkn  by  its  own 
gniiljF  withoiit  vxj  support. 

Fa,  And  if  it  iras  m  long  pbnk,  and  joa  took  care  to  let 
both  marbles  drop  finom  the  land  at  the  same  instant,  I  dare 
aaj  JOQ.  found  tlie  dilfaeace  tctj  erident? 

QL  I  did:  and  nov  joa  bare  enabled  me  to  account  for  it 
Tcrj  satisfiKtoiil J,  bj  sbcywing  me  tbsl  as  mnch  more  time  is 
speat  in  ndsing  a  bodj  along  an  inclined  plane  tiian  in  lifting 
It  up  at  the  e^  as  that  pfame  is  longo'tiban  its  perpendicular 
height.  For  I  take  it  for  granted  tint  tiie  role  holds  good  in 
the  descent  as  wdl  as  in  the  ascent. 

Fa,  If  JOQ  hare  an j  doubt  remaining  a  few  words  wOl 
dear  it  up.  Siqipose  jonr  marbles  pboed  on  a  plane  per- 
fectly horizontal,  as  this  table»  thej  will  remain  at  rest 
whererer  thej  are  placed;  but  if  joa  deTate  the  plane  in 
soch  a  manner  that  its  height  be  e^oal  to  half  the  length  of 
the  plane,  it  is  eridenty  from  what  las  been  shown  before,  that 
the  marbles  will  require  a  force  equal  to  half  thdr  weight  to 
sustain  them  in  anj  particular  position.  Suppose,  then,  the 
plane  perpendicular  to  the  taUe;  the  marbles  will  descend 
with  their  whole  weight;  for  now  the  plane  contributes  in 
no  respect  to  support  them;  consequentlj,  thej  would  require 
a  power  equal  to  their  whole  weight  to  keep  them  from  de- 
scending. 

CA.  Ja  the  swiftness,  therefore,  with  which  a  body  falls  to 
be  estimated  by  the  force  with  which  it  is  acted  upon? 

Fa.  Certainly:  for  you  are  now  sufficiently  acquainted 
with  philosophy  to  know  that  the  effect  must  be  estimated 
from  the  cause.  Suppose  an  inclined  plane  thirty-two  feet 
long,  and  its  perpendicular  height  sixteen  feet;  what  time 
win  a  marble  take  in  falling  down  the  plane,  and  also  in  de- 
scending from  the  top  to  the  earth,  by  the  force  of  gravity? 

Ch.  By  the  attraction  of  gravitation,  a  body  falls  sixteen 
feet  in  a  second,  (see  p.  28,)  therefore  the  marble  will  be  one 
second  in  falling  perpendicularly  to  the  ground;  and,  as  the 
plane  is  double  its  height,  the  marble  must  take  two  seconds 
to  roll  down  it. 

Fa.  I  will  try  you  with  another  example.  If  there  is  a 
plane  64  feet  in  perpendicular  height,  and  3  times  64,  or  192 
feet  long,  tell  me  what  time  a  marble  will  take  in  falling  to 
the  earth  by  the  attraction  of  gravity,  and  how  long  it  will  be 
in  descending  down  the  plane. 
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CA.  'By  the  attrocticm  of  gravity  it  will  &11  in  two  seconds  j 
cause,  hj  multiplTing  the  sixt«eD  feet  which  it  falls  in  the 
St  secoDd  by  the  square  of  two  seconds,  or  four,  which  is 
e  time,  I  get  Eixtj-four,  the  height  of  the  plane.  But  the 
■ne  b^ng  three  times  as  long  as  it  ts  perpendicularly  high, 
t  must  be  three  times  as  many  seconds  in  rolltng  down  the 
'  oe  ss  it  was  in  descending  freely  by  the  force  of  gravity; 
1 19,  six  seconds. 

1  kaaw.  Paps,  that  the  whole  force  with  which  a  weight 
right  line  towards  the  centre  of  the  earth, 
b  called  the  abioluU  gravity  of  that  weight.     What  is  the 
"bniniflhed  force  called,  wiUi  wliich  the  weight  descends  on 
^^1  inclined  plane? 

Fa.  It  is  called  the  relatire  graTity,  If,  therefore,  a  plane 
e  perpeadiculnr,  the  relative  gravity  upon  it  is  equal  to  the 
bsolute  gravity;  but,  if  a  plane  be  horiaontal,  there  is  no 
iative  gravity  whatever. 

Em.  Pray,  Papii,  what  common  instruments  are  to  be  re- 
o  this  mechanical  power,  in  the  same  way  as  scissars, 
iincerB,  8ic,  are  reterred  to  the  lever? 

Fa.  Chisels,  hatchets,  and  such  other  sharp  instruments  as 
ire  sloped  down  to  an  edge  on  one  side  only  may  be  referred 
It  the  principle  of  the  inclined  plane. 

QUESTIONS  FOE  EXAMINATION. 

cUned  plue,  than  it  ironld  In  fidllng 
pcrpendiculiTlr  bftbe  fom  of  gnvitj'? 
— l<^ipi»latiil*Du>repRnkuliu'lj  brthe 


!  (he  adTutife 
fBiacd  by  thiiucliiuilpliine?  ll»Bg. 
■is.  —  Wiiax.  power  woolil  be  neceuuy 
to  draw  >  flTai  vrifht  ap  neb  >  plane 

Mllbrt  JrJuibtdfatbtHpira?— Wli»t 
~  uoa  tliM  hnv7  pacJugu  iru 
p  pluiki  from  tbe  Btmt  to  a 
-         ]  of  btlng  UUd  per- 
-Wbjrdoea.marblfl 
1    la- 


Df  a  fUling  boAj  la  bo  t-stinutcd  ?  — 
IC  a  plani  a  three  timet  at  long  m  It  ia 
li£gb,  what  will  be  the  proportion  of  the 
pcrp^ndlcolarfallofainKrbli?,  to  itade- 
•cenl  down  the  inclined  pluic  ?  — Ultit 
In^truDi^nti  are  to  be  referred  1o  Ehl» 
■nechonlEal  power? 


CONTEESATION  SX. 


\  FaAer.  Tbe  next  meclianical  power  is  the  leedge,  which 
1  mode  up  of  two  inclined  planes,  as  def  and  cef,  joined 
Igether  at  their  bases,  hefg: — dc  is  the  whole  thickness  of 


^ 
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the  weiJge   at  its  back,  abed,  where  llie  powerv— fe__„ 
is  appli^  and  df  and  cf  are  the  lengths  of  ita  tV— i^  \d 
sides:  now  there  will  be  an  equilibrium  between    \      / 
the  power  impelling  the  wedge  downward  and  the      \  / 
resistance  of  the  wood  or  other  substance  acting      ^/ 
against  its  sidea,  when  the  thickness,  dc,  of  the    *^e-  ='■ 
wedge  is  to  the  length  of  the  two  sides,  or,  which  is  the  same 
thing,  when  half  the  width  or  thickness,  de,  of  the  wedge, 
at  its  back,  is  to  the  length  of  df,  one  of  its  sides,  as  the 
power  is  to  the  resistance. 

Ch.  This  is  the  principle  of  the  inclined  plane. 

Fa.  It  is:  and  notwithstanding  nil  the  disputes  which  the 
methods  of  calculating  the  advanti^e  gained  by  the  wedge 
have  occasioned,  I  see  no  reason  to  depart  from  the  opinion  of 
those  who  consider  the  wed^e  as  n  double  inclined  plane. 

£m,  I  have  seen  people  cleaving  wood  with  wedges;  but 
they  seem  to  have  no  effect  unless  struck  sharply,  and  with 
great  force? 

Fa.  Certainly,  my  child;  for  the  power  of  the  attraction  of 
cohesion,  by  which  the  parts  of  wood  adhere  together,  is  so 
great  as  to  require  a  considerable  motnentum  to  separate  them. 
Did  you  observe  notliing  else  in  the  operation,  worthy  of 
your  attention? 

Ck.  Yes:  I  also  took  notice  that  the  wood  generally  split 
a  little  below  the  place  which  the  wedge  reached. 

Fa.  This  happens  in  cleaving  most  kinds  of  wood;  and 
then  the  advantage  gained  by  this  mechanical  power  must  be 
in  proportion  as  the  length  of  the  sidea  of  the  clefl  in  the 
wood  is  greater  than  the  length  of  the  whole  back  of  the 
wedge.  There  are  other  peculiarities  in  the  action  of  the 
wedge;  but,  at  present,  it  is  not  necessary  to  refer  to  them. 

Em.  Since  you  said  that  all  instruments  which  sloped  off 
to  an  eilge  on  one  side  only  were  to  be  explained  by  the  prin- 
ciple of  tbc  inclined  plane;  so,  I  suppose,  those  which  slope 
to  on  edge  on  both  sides  must  be  referred  to  the  principle  of 
the  weiige? 

Fa.  They  must:  many  chisels  are  so  made,  and  almost  all 
S'lts  of  axes,  nails,  pins,  ncifflles,  awls,  &c.,  are  ulso  modifi- 
cations of  the  wedge,  also  the  teeth  of  animals.  The  angle 
of  the  wedge  is  iilsio  a  matter  of  importance;  the  softer  the 
Bubstftnce  to  be  divided,  the  more  acute  may  the  wedge  be 


icteiJ.  In  tools  for  cutting  wood,  the  angle  is  generally 
30°;  fgr  cutting  Iron  from  50°  to  60°;  and  for  brass 
80°  to  90°. 

Ch.  Is  the  wedge  much  used  as  a  mechanical  power? 

fa.  It  is  of  considerable  importance  in  a  great  variety  of 
coses,  where  the  other  mechani'Cal  powers  aje  of  no  avail: 
and  tliis  arises  from  the  momentum  of  the  blow,  which  is 
B greater,  beyond  comparison,  than  the  application  of  any  dead 
^wn'gbt  or  pressure,  such  as  is  employed  in  the  other  nie- 
Bbaoical  powers.  Hence  it  is  used  in  splitting  wood,  rocks, 
Bfcc-;  and  even  the  largest  ship,  when  in  dock,  may  be  raised 
B»  a  small  height  by  driving  a  wedge  under  the  keel.  It  is 
Bbo  nsKid  for  raising  up  the  beam  of  a  house,  when  the  floor 
Bmes  way,  by  reason  of  too  great  a  burden  being  laid  upon  it, 
■bd  for  eecuring  acairolding,^xing  door  frames,  and  many 
■Iber  purposes  in  building.  It  is  usual  also  in  separating 
Bfege  mill-stones  from  the  sand-rocks,  to  bore  horizontal  holes 
Spader  them  in  a  circle,  and  fill  them  with  pegs  or  wedges 
^pitdB  of  dry  wood,  which,  gradually  swelling  by  thu  moisture 
■f  the  earth,  in  a  day  or  tn-o  lift  up  the  miU-stone  without 
Keakingit. 

HI  It  18  on  the  principle  of  the  wedge  that  saws  are  employed. 
^■.series  of  wedges  are  cut  in  the  edge  of  a  thin  plate  of  steel, 
■Miieb,  by  its  weight,  tends  perpetually  to  drive  the  points  of 
Hbese  wedges  into  the  substance  on  which  it  acts,  and  by  its 
^En^tudinal  motion  it  presents  a  fresh  surface  continually  to 
^Bear  action.  When  the  teeth  are  small,  the  force  employed 
H§  proportionately  small:  thus  saws  ivith  large  teeth  are 
^faed  for  soft  substances,  and  those  with  small  teeth  for  hard 
B&ibstances.  Most  cutting  instruments,  as  scythes,  eabre^ 
Hfable-koives,  8ec.,  act  as  saws,  by  the  extremely  fine  rough- 
Kess  produced  on  their  edges  by  grinding  or  other  sharpening. 
K  CA.  Is  it  on  the  same  principle  that  stone,  glass,  and  gems, 
■be.,  ore  cut? 

B  Fa.  Stones  are  usually  sawn  by  a  plain  piece  of  metal 
Hkilhout  teeth;  the  small  angular  particles  of  the  substance, 
^k  of  some  harder  stone,  act  as  little  wedges,  which  are  moved 
Hkicliward  and  forward  by  the  action  of  the  blade.  In  cutting 
I^IUute,  emery  is  used.  For  gla.is,  emery  mixed  with  water  is 
^Bopped  on  n  sharp  edged  wheel,  which  is  put  into  rapid 
^Mtioii,  and  for  engraving  gems,  diamond-powder  is  used, 
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which  is  made  to  drop  on  a  slender  piece  of  soft  iron  revolving 
with  great  vdocitj  on  its  axis. 

On  the  principle  of  the  wedge  are  constructed  files;  their 
surfaces  are  studded  with  small  wedges,  which  act  in  the 
same  manner  as  the  saw. 


QUESTIONS  FOB  EXAMINATION. 

or  what  it  th«  iradge  teOMd  ?— B«- 
ftr  to  figuv  S7  and  exi^afai  tbit  prin- 
ciple oftliSi  mediuiioal  power.— It  the 
pcindpleor  tht  wedga  rimfllar  to  that 
ifUie  inolintd  plana? — WI17  it  great 
ftvoe  neceiMuy  in  the  nte  of  the  w^lge  ? 


— How  it  the  power  of  the  wedge  esti- 
mated?— What  instmments  are  to  be 
leftmad  to  the  wedge  ?  —  To  what  par- 
tiealar  poipotet  is  the  wedge  applied  ? 
— How  are  miU-ttonee  separated  ft-om 
the  rocks? 


CONVERSATION  XXL 

k 

OF  THB   SCBEW. 

Faiker,  Let  us  nowexamine  the  pro- 
perties of  the  sixth  and  last  mecluuii-  [ 
eal  power,  the  screw ;  which,  however, 
cannot  be  called  a  simple  mechanical 
power,  as  it  is  never  usisd  without  the  Lr- 
assistance  of  a  lever  or  winch ;  by  means  '^ 
of  which  it  becomes  a  compound  engine 
of  great  power  in  pressing  bodies  to- 
gether, or  in  raising  great  weights,  ab  Fig.  29. 
is  the  representation  of  one,  with  the  lever  A. 

£m.  You  said  just  now,  P^pa,  that  all  the  mechanical 
lowers  were  reducible  either  to  the  lever  or  to  the  inclined 
plane.     How  can  the  screw  be  referred  to  either? 

Fa,  The  screw  is  composed  of  two  parts;  one  of  which, 
^by  is  called  the  screw,  and  consists  of  a  spiral  protuberance, 
called  the  thread,  which  may  be  supposed  to  be  coiled  round 
♦i.^^i^'^^^^'.  ^^^  ^>ther  part,  g,  called  the  niUy  is  perforated  to 
~  dimenrions  of  the  cylinder;  and  in  the  internal  cavity  is 
•wo  a  spiral  groove  adapted  to  receive  the  thread.  To  this 
nut  18  also  attached  the  lever,  without  which  the  screw  is 
never  used  as  a  mechanical  power.  Now,  if  you  cut  a  sHp  of 
wntmg.paper  in  the  form  of  an  inclmed  plane,  cde,  (fig.  29) 

Ml  A^  V^  ^*  ^^^  »  cylinder  of  wood,  as  a  pencil,  you 
wiu  find  that  it  makes  a  spiro  answering  to  the  spiral  part  of 
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Ae  screw.  Moreover,  if  you  coDsider  the  ascent  (tf  the  bctcw, 
it  will  be  evident  that  it  is  prwisely  the  ast-ent  of  an  inclined 
{lane,  but  in  a  spiral  directioii  inateod  of  in  a  straight  line. 

Ch.  By  what  ineanH  do  you  calculate  the  advantage  gained 
bj  the  screw? 

Fa.  At  firet  sght  it  is  evident  that  two  things  are  to  be 
taken  into  consideration:  the  first  is,  the  distance  between  the 
threads  of  the  screw;  the  second,  the  length  of  the  lever. 

Ch.  Now  I  comprehend  pretty  clearly  that  it  ia  on  inclined 
plaae,  and  that  its  ascent  is  more  or  less  easy  as  the  spiral 
threads  ore  nearer  or  iartber  distant  from  each  other;  so  that 
wh&t  is  saved  in  power  is  lost  in  time. 

Fa.  Well,  then,  I  will  now,  by  a.  question,  ascertain 
whether  your  conceptionB  be  accurate.  Snppose  two  screws, 
the  circumferences  of  whose  cylinders  are  equal  to  one  another; 
bnt  in  one,  the  distance  of  the  threads  to  be  an  inch  apart; 
and  that  of  the  threads  of  the  other  only  one-third  of  an  inch. 
What  will  be  the  difference  of  the  advantage  gained  by  one  of 
the  screws  over  the  other  ? 

Ch.  The  one  whose  threads  are  three  times  nearer  than 
diose  of  the  other  must,  I  should  think,  give  an  advantage 
tiif  ee  times  greater. 

Fa.  Give  me  the  reason  for  your  assertion. 

Ch.  From  the  principle  of  the  inclined  plane,  I  leam  that, 
Sf  the  height  of  two  planes  were  the  same,  but  the  length  of 
Itee  twice,  thrice,  or  fonr  times  greater  than  that  of  the  other, 
ptt  mechanical  advantage  gained  by  the  longer  plane  would  be 
mm,  three,  or  four  times  greater  than  that  gained  by  the 
liiorter.  So,  therefore,  in  the  present  case,  the  height  gained 
Id  both  lerews  is  the  same,  that  is,  one  inch;  but  the  space 
■nsed  in  that,  of  whose  threads  three  go  to  on  inch,  must  be 
lhr«e  times  as  great  as  the  space  passed  in  the  other:  hence, 
pa  space  is  pas.«ed,  or  time  lost,  Just  in  proportion  to  the  od- 
Mnt^e  gmned,  I  infer  that  three  times  more  advantage  is 
buned  by  the  screw  whose  tlireads  are  one-third  of  an  inch 
bait  thui  by  that  whose  threads  are  only  an  inch  apart. 
r^  Fa.  Tour  inference  is  jnst,  and  naturally  follows  from  an 
pccnrate  knowledge  of  the  principle  of  the  inclined  plane. 
But  we  have  stud  nothing  about  the  lever. 
r  Ch.  This  seemed  hardly  necessary;  it  being  so  obvioBs,  to 
•ny  one  who  will  think  a  momtnt,  that  power  ia  gained  by 
G  2 
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that,  as  in  levers  of  the  first  kind,  aecording  to  the  length  ffh 
from  the  nut. 

Fa.  Let  us  now  calcul&te  tlie  advantage  gained  by  a 
screw,  the  threads  of  which  are  half  an  inch  distant  from  one 
another,  and  the  lever  seven  feet  long. 

Ch.  I  think  jou  once  told  me  that  if  the  radius  of  a  circle 
was  given,  in  order  to  find  the  circumference,  I  must  multiply 
that  radius  hy  6. 

Fa.  I  did;  for  although  that  is  not  quite  enough  for  great 
accuracy,  yet  it  will  answer  all  common  purposes,  till  you  are 
a  little  more  expert  in  the  use  of  decimals. 

Ch.  Well,  then,  the  circumference  of  the  circle  made  by 
the  revolution  of  the  lever  will  be,  7  feet  multiplied  by  6, 
which  is  42  feet,  or  504  inches;  but,  during  this  revoludon, 
the  screw  is  raised  only  hoU'  an  inch;  theretbre  the  space 
passed  by  the  moving  power  will  he  1008  times  greater  than 
that  gone  through  by  the  weight;  consequently  the  advan- 
tage giuned  is  1008;  or,  one  pound  appUed  to  the  lever  will 
iMihtDce  1008  pounds  acting  iigainst  the  screw. 

Fa.  You  perceive  that  it  follows,  as  a  corollary  from  what 
you  have  been  saying,  that  there  are  two  methods  by  which 
yoii  muy  increase  the  mechanical  advantage  of  the  screw. 

C/i.  Without  doubt.  It  may  be  done  either  by  taking  a 
longer  lever,  or  by  diminishing  the  distance  of  the  threads  of 
the  screw. 

Fa.  Tell  me  the  result,  then,  supposing  the  threads  of  tlic 
screw  to  be  80  fine  as  to  stand  at  the  distUiDee  of  but  one 
quarter  of  an  inch  asunder,  and  the  lengtli  of  the  lever  to  bo 
8  feet,  instead  of  7. 

CA.  The  circumference  of  the  circle  made  by  the  lever  will 
he  8  multiplied  by  6,  which  is  equal  to  48  feet  or  576  inches, 
or  2304  quarter  inches;  and  as  the  elevation  of  the  screw  is 
but  one  quarter  of  an  inch,  tbe  space  passed  by  the  power 
will  therefore  be  2304  times  greater  than  that  passed  by  the 
weight;  which  is  the  advantage  gained  in  this  instance. 

Fa.  A  child,  therefore,  capable  of  moving  the  lever  suf- 
ficiently to  overcome  the  friction,  with  the  addition  of  a  power 
equal  to  one  pound,  will  be  able  to  raise  2304  pounds,  or 
something  more  than  20  hundred  weight  and  a,  half.  The 
strength  of  a  powerful  man  would  be  able  to  do  20  or  30  times 
as  much  more 


OF  THE    SCKEW.  BO 

Ch.  But  I  have  seen  in  paper  mills  and  other  manuractorie.*, 
six  or  eiglit  men  uac  all  their  streni^th  in  turning  a  screw,  in 
order  to  press  out  the  water  from  the  newly  made  paper,  or 
to  reduce  packages  to  a  smaller  compass.  The  power  ap- 
plied in  those  cases  must  have  been  very  great  indeed. 

Fa.  It  was:  but  I  presume  you  are  aware  that  it  cannot  be 
estimated  by  multiplying  the  power  of  one  nian  by  the 
number  of  men  employed. 

Ch.  That  is,  because  the  men  standing  at  uneqaol  distances 
at  the  lever,  have  not  an  equal  power  upon  the  si^rew;  for 
although  he  who  stands  nearest  to  the  screw  may  exert  the 
Hune  strength  as  the  rest,  yet  it  is  by  no  means  so  effective 
M  if  he  were  placed  at  the  extremity  of  tlie  lever. 

Fa.  The  true  method,  therefore,  of  calculating  the  power 
4f  this  machine,  aided  by  the  strength  of  these  men,  would 
be  to  estimate  accurately  the  power  of  each  man  according  to 
faie  position,  and  then  adding  all  these  separate  advantages 
Hogethor  for  the  total  power  gained. 

Em.  A.  machine  of  this  kind  is,  I  believe,  used  for  many 
ipurposeK. 

Fa.  Yea,  it  is  found  in  every  book-binder's  work -shop,  and 
is  particularly  useful  where  persons  are  desirous  of  having 
small  books  reduced  to  a  still  smaller  size  for  the  pocket.  It 
is  also  the  principal  machine  used  for  coining  money,  for 
lotter-preaa  printing  in  the  common  way;  for  packing, 
stainping,  and  in  cider  and  wine  presses. 

There  is  no  wood  so  hard  that  a  screw  will  not  penetrate, 
sod  when  once  fixed,  no  power  acting  in  the  direction  of  its 
length  con  tear  it  out. 

A  magnificent  apparatus  for  coining  was  invented  some 
since  by- Mr.  Boulton;  the  whole  machinery  of  whidi 
woriied  by  an  improved  steam-engine:  it  rolls  the  copper 
half-pence,  works  the  screw  presses  for  cutting  out  the  cir- 
cular pieces  of  copper,  and  coins  both  thu  faces  and  edges  of 
the  money  at  the  same  time.     By  this  machinery,  four  boys, 
■  twelve  years  old,  are  capable  of  striking  30,000  guineas 
hour;  and  the  machine  itself  keeps  an  unerring  account 
of  the  pieces  struck. 

Em.  I  have  also  observed  that  the  screw  is  used  for  pressing 
cheese,  &c. 

Fa.  It  would,  my  dear,    be  an    almost   endless  task   to 


attempt  eDDmeratiiig  all  the  purposes  to  which  the  ecrew  is 
applied  in  the  mechanical  arte.  Suf£c«  it  to  say  that, 
wherever  great  pressure  is  required,  there  the  power  of  the 
screw  is  almost  indispensable,  for  it  acts  coDtinually  with  the 
eame  pressure  in  the  same  direction,  and  without  releasing  its 
hold. 

Ch.  Before  we  close  this  subject,  Papa,  will  you  tell  me 
what  the  Endleis  Screto  ia?  anii  what  is  meant  by  the 
ArcMmedei  Screw,  by  which,  we  read,  some  steam  vessels  are 
propelled? 

Fa.  The  endless  screw  is  a  screw  combined  with  a  wheel 
Bud  axle,  and  in  such  a  way  that  the  thread  or  worm  of  the 
screw  works  into  teeth  or  c<^  fixed  on  the  circumference  of 
the  wheeL  If  the  power  be  applied  to  the  handle  of  the 
screw,  one  revolution  will  move  the  wlieel  the  distance  of  one 
of  its  cogs.  If  a  weight  be  attached  to  the  axle  of  the  wheel, 
then  there  will  be  equilibrium  when  the  power  is  to  the 
weight,  as  the  distance  between  the  threads  multiplied  by  the 
radius  of  the  axle  is  to  the  tength  of  the  lever,  or  handle, 
multiplied  by  the  radius  of  the  wheel. 

The  Arehimedes  Serao  is  composed  of  a  flexible  tube 
round  a  cylinder  in  the  form  of  a  ecrew:  and  if  this  be  placed 
obliquely  in  water  or  other  fluid,  and  the  screw  be  turned,  the 
body  will  ascend,  because  the  part  of  the  screw  beliind  it 
becomes  more  inclined  than  the  part  before  it,  and  it  ia  con- 
Bequeutly  urged  forward  and  advimces  up  the  spiral,  where  it 
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i«BiplJefl  into  K  veseol  or  reservoir  put  to  receive  it,  as  you 
■wy  observe  in  the  engraving;  and  it  is  on  this  principle  tliat 
it  ia  used  as  a  propelling  power. 

The  wedge  and  the  screw  you  have  now  found  to  Iw  not 
tmpU,  bill  compound  powers.  How  is  the  power  of  the 
iredge  calcolated? 

Ch.  The  power  and  weight  of  the  wedge,  in  tquilibrio,  mil 
be  to  each  other  as  the  thickness  of  the  back  of  the  wedge  is 
to  the  perpendicular  length  of  the  wedge,  measured  from  the 
dividing  edge  at  the  back. 

Fa.  Are  all  compound  machines  estimated  in  like  maimer? 

Ch.  Tea;  for  we  have  only  to  compute  what  would  be  the 
proportion  of  the  velocities  of  the  weight  and  power,  and  lake 
their  forces  in  reciprocal  proportion  of  those  velocities.  But, 
Papa,  is  tliere  never  any  deviation,  in  muchises  generally, 
bwa  the  rules  here  laid  down? 

These  rules  are  demonstrated  to  he  true  from  the  laws 
«f  inotitm;  but  if  a  ntaclune  difler  from  them  (as  all  machines 
will  du  in  some  degree)  the  diSerence  must  be  ascribe*:!  to 
friedoii  and  the  resistance  of  the  medium,  or  to  some  irregu- 
larity in  the  managemeut  of  the  miLchine,  or  some  imper- 
fectioii  in  the  materials.  Now  ftiction  \%  the  reaistance  which 
bodies  meet  with  in  rubbing  against  each  other;  in  fact,  theru 
no  such  thing  as  perfect  smoothness  in  nat^ire. 

Ch.  Are  not  polished  metals.  Papa,  perfectly  amootli? 

Fa,  Polished  metals,  though  they  have  that  appearance. 
B  very  far  from  being  perfectly  smooth,  na  you  eon  yourself 
discover  by  looking  at  them  through  a  good  magnifying  glass: 
■0  that  when  two  bodies  come  in  contact,  the  minute  projecting 
puts  of  the  one  fall  into  the  hollows  of  the  other  and  produce 
jDore  or  less  friction;  and  if  apparently  ever  so  smooth,  this 
Taction  is  usually  reckoned  to  destroy  onC'third  of  the  power 
of  n  matdune.  Friction  is  considerably  diminished  by  the 
application  of  oil  or  other  grease  to  the  rubbing  surfaces,  as 
man  atay  observe  in  wheels,  locks,  hinges;  fur  this  application 
acts  as  H  kind  of  polish  in  filling  np  the  cavities  of  the  rubbing 


Ch.  Wliat  surfaces  cause  the  most  friction? 
^^    Fa.  It  has  been  found  that  less  friction  is  occasioned  by 
,flie  contact  of  bodies   of  different  substances  than  of  the 
'"me;  as  of  wood  against  metui,  metal  i^ainst  stone,  &c 
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There  are  two  kinds  of  firiction;  one  very  considerable  arising 
firom  the  rubbing  or  sliding  together  of  two  surfaces;  and  the 
other  far  less  by  the  rolling  of  a  circular  body  over  another, 
which  explains  the  great  use  of  wheels  in  effecting  loco- 
notion. 

Ch,  Then,  Papa,  in  descending  a  steep  hill,  we  fasten  one 
of  the  wheeb  by  a  shoe  or  drag,  in  order  to  decrease  the  ve- 
locity of  the  carriage,  by  increasing  the  friction. 

Fa,  Yes;  the  rolling  friction  of  one  of  the  wheels  is 
changed  into  the  dragging  friction;  and  when  castors  are  put 
to  the  legs  of  a  table  ^e  dragging  is  changed  into  the  rolling 
friction,  to  facilitate  the  moving  of  the  table.  ' 

QUESTIONS  FOR  EXAMINATION. 


What  is  the  sixth  mechanical  poweit 

—  la  this  a  simple  mechanical  power? 

—  Of  what  is  the  terete  composed? — 
8how  me  by  the  figures  the  constmo- 
tion  of  the  screw  ?  —  How  is  the  ad- 
Tantage  gained  by  the  screw  calcnlated? 
— Tell  me  why  power  is  gained  in 
the  screw  in  proportion  to  the  near- 
ness of  the  threads. — What  advantage 
is  gained  by  a  screw,  the  threads  of 
which  are  a  quarter  of  an  inch  apart, 
and  the  lerer  used,  six  feet  long  ? —  By 


what  methods  can  you  increase  the  me- 
chanical advantage  of  the  screw? — 
Is  the  power  gained  by  this  mechanical 
power  very  great?  — When  several  men 
are  employed  in  turning  a  screw,  how 
is  the  power  to  be  estimated  ? — Is  the 
principle  of  the  screw  of  general  use  ? — 
Do  you  recollect  what  operations  Mr. 
Boulton's  coining-apparatus  performs  ? 
— How  many  guineas  can  four  boys  coin 
in  an  hour? 


CONVERSATION  XXII. 


OF   THE    PENDULUM. 

Charles,  My  dear  Papa,  after  we  left  you  last  night,  we 
fancied  we  had  been  but  a  very  little  time  engaged  listening 
to  your  explanation  of  that  interesting  subject,  the  power  of 
the  screw,  so  that,  on  looking  at  the  clock  to  observe  the  time, 
our  attention  was  attracted  to  the  Pendulum^  which  we  do 
not  remember  you  to  have  explained.  Is  it  a  mechanical 
power? 

Fa,  The  Pendulum^  though  not  a  mechanical  power,  is  of 
great  importance  in  measuring  time;  and  we  may  describe  it 
as  a  heavy  body,  hanging  by  a  line  or  rod,  which  is  moveable 
about  a  centre;  and  the  body  thus  suspended  being  put  in 


totion  describes  an  arc,  in  one  half  of 
jirlucli    it  deHCenda,  and  ascends  in    tlic 
c  is  a  pendulum,  consisting  of  thu 
bIL  p,  attached  to  the  thread,  pe,  which 
I  fastened  to  the  point,  c,  and  is  move- 
jb!e  round  it.   If  the  ball,  p,  were  let  free 
t  n-ould  fall  in  the  vertical  line^  pi,  but 
ing  retained  it  falls  through  the  arc  p  a 
1  at  a  it  has  acquired  a  velocity  that  — 
uld  cany  it  along  a  d,  but  being  pre-  *" 
tnted  &om  going  along  ad'by  the  string 
ptiich  draws  it  to  the  centre,  it  describes 

\  ae.  Having  arrived  at  t,  it  will  fall  back  ngain 
15  a,  and  go  on  with  its  acquired  velocitj'  to  />,  and  so  on  con- 
llmally  backwards  and  forwards.  Each  swing  thnt  it  makes 
i  called  a  vibration,  or  oscillation.  The  vibfations  of  the 
!  pendulum,  whether  small  or  great,  ara  performed  in 
Mrlj  equal  times. 
Ch.  How  long  a  time  does  the  pendulum  occupy  in  making 

e  vibrations  ? 

Fa.  The  longer  the  pendulum  is,  the  slower  are  its  vibra- 

_  ions,  and  the  contraiy.     A  pendulum  to  vibrate  eecdnds  in 

our  latitude  should  be  39.13  inches  long:  if  it  was  retjitired  to 

make  one  to  vibrate  \  seconds,  it  would  be  only  the  fourth 

part  of  the  length  of  that  which  Tibrates  seconds;  viz.  — ^ — 

^  9.78:  and  one  to  vibrate  only  once  in  two  seconds  would 
be  four  times  the  length  of  that  which  vibrates  seconds, 
namely  39.13  x  4=  157.52  inches. 

Pendulums  of  the  same  length  vibrate  slower  tho  nearer 
Ihey  are  brought  to  the  equator,  because  gravity,  on  which 
the  vibmtiona  depend,  is  less  at  the  equator  than  it  is  nearer 
the  poles.  A  pendulum  that  is  to  vibrate  seconds  at  ^e 
equator  must  be  somewhat  shorter  than  it  is  in  this  lati- 
tude, which,  again,  is  longer  than  one  would  tie  at  the 
poles, 

Ch.  If  a  pendulum  were  to  hajig  perpendicularly  it  would, 
by  the  attraction  of  gravitation,  remain  at  rest  like  a  plumb- 
line,  unless  put  in  motion  by  some  external  force;  would  it 
not.  Papa? 
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Fa,  It  would:  but  if  you  raise  it  up,  gravity  would  bring 
it  back  to  its  perpendicular  position,  and  instead  of  remaining 
there,  the  velocity  it  has  acquired  during  its  descent  will 
impel  it  onward,  so  that  from  being  confineid  at  the  centre  it 
will  rise  on  the  opposite  side  to  an  equal  height:  here>  again, 
gravity  brings  it  back,  and  \X%  velocity  carrying  it  onwards 
as  before,  so  it  vibrates  continually. 

Cli,  llien,  I  suppose,  this  is  what  may  be  called  Perpetual 
motion? 

Fa.  No;  it  is  not  perpetual  because  of  the  resistance  of 
the  air  in  which  it  vibrates,  and  likewise  of  the  friction  at  the 
end  attached,  or,  we  may  say,  at  its  centre.  If  you  could  re- 
move these  interruptions,  we  should  perhaps  have  perpetual 
motion,  for  the  vibrations  perform  equal  distances  in  equal 
times,  whence  these  vibrations  have  been  called  isochronotiSy 
"  performed  in  equal  terms;"  from  two  Greek  words  isos 
(i<joc)  "  equal,"  and  chranos  (xpoKot)  "  time." 

Ch,  How  was  this  peculiar  property  discovered,  and  hj 
whom? 

Fa.  This  property  was  discovered  by  the  celebrated  Galileo, 
the  improver  of  the  telescope,  and  the  philosopher  who  found 
out  the  Satellites  of  Jupiter;  he  has,  in  fact,  done  more  than 
any  of  his  contemporaries  in  extending  the  bounds  of  science 
and  making  it  available  to  the  popular  mind.  In  respect  of 
the  Pendulum,  it  seems  he  was  one  evening  attending  the 
church  at  Pisa,  and  after  the  large  chandelier  was  lighted  up, 
it  was  left  swinging;  his  attention  was  directed  to  it;  and  ob- 
serving carefully  that  the  vibrations  were  performed  in  equal 
times,  he  made,  afterwards,  experiments  on  other  vibrating 
bodies,  and  eventually  established  the  truth  of  his  observa- 
tionS;  and  introduced  the  pendulum  as  a  means  of  regulating 
an  instrument  for  the  measurement  of  time.  You,  yourself, 
can  ascertain  the  truth  of  this  law  by  counting  the  oscilla- 
tions of  a  vibrating  body;  and  you  will  find  that,  whether  the 
pendulum  is  vibrating  in  an  arc  of  four  or  five  degrees,  or 
even  a  fraction  of  a  degree,  an  even  time  is  required  to 
perform  the  vibration. 

Ch.  I  suppose.  Papa,  this  amount  of  time  is  completely 
dependent  on  the  weight  attached  to  the  wire? 

Fa,  By  no  means;  neither  the  weight  of  the  ball,  nor  the 
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■abetanenof  Trhidi  H  is  made,  nor  even  the  shape  ia  which  it 
ig  fanned,  except  so  far  »s  regude  the  resistance  of  the  air,  has 
■Bything  ti>  do  witli  it,  and  I  will  prove  it  to  you.  Take  two 
bidls  of  different  sizes,  and  eubslancea,  but  the  wires  must  be 
of  equal  length,  and  let  them  vibrate  together:  you  will  lind 
that  tlie  time  occupied  in  the  vibration  of  each  ia  the  Kunie. 
Gravity  in  its  action  npon  a  pendulum  causes  it  to  oscillate 
fjtad  exert  its  influence  upon  each  particle  of  the  matter  cotn- 
f  the  ball ;  so  that  but  one  particle  suspended  at  the  end 
r  a  thread  would  osdUcLte  with  the  some  velocity  as  any 
tmmber  of  particles  combined  top:ether  in  one  body,  I  will 
now  add,  in  respect  of  the  time,  that  the  time  of  the  oscilla- 
tion!)  is  as  the  square  root  of  the  length  of  the  pendulum. 

CA.  If  that  is  the  case,  I  suppose,  were  I  to  take  three 
pendnlums,  whoee  lengths  arc  ss  one,  four,  and  nine  respec- 
tively, the  time  required  for  the  oscillation  of  the  second  will 
be  twice  as  long  as  that  of  tlic  first,  and  the  time  of  the  oscil- 
latioRs  of  the  third  will  be  three  times  that  of  the  first,  be- 

e  the  square  roots  of  1  4  9,  respectively, 
■  J^a.  Tou  are  perfectly  correct;  and  since  the  oscillations 
t  a  pendulum  vary  with  its  length,  a  certain  length  is  re- 
i  that  it  may  heat  seconds,  that  is,  vibrate  60  seconds  in 
^  minute, 

CS.  Then,  I  aappose,  if  our  dock  gets  too  fast  or  too  slow, 

kinast  be  regulated  by  lengthening  or  shortening  the  pen- 

f  'Ailnm;  just  as,  to  make  a  pendulum  which  bents  seconds  at 

the  pole  of  the  earth,  an  alteration  must  be  made  in  its  length 

to  make  it  heat  seconds  at  the  equator. 

J-a.  You   are   quite    correct;    but  still  there  is  another 

I  tiling  which  has  a  considerable  effect  on  tlie  oscillation  of  the 

I,  which  we  must  not  poAs  unnoticed;  and  that  is  the 

jr  decrease  of  lempernlui'c.     Tou  know  lliat  a  bar  of 

d  which  will  pass  easily  when  cold  through  an  opening 

1  to  receive  it,  will  not  do  so  when  heated  red  hot,  be- 

e  of  the  expansive  power  of  heat;  for  a  similar  reason, 

i  pendulum  which  beats  seconds  in  a  cold  climate,  would 

ise  to  do  EO  when  removed  into  a  hotter  temperatui-e,  fur  its 

length  would  be  increased.     This  is  remedied  by  making  the 

pendulum  of  such  material  as  will  not  be  appreciably  nffecled 

bjr  change  of  temperature;  a  wooden  rod,  if  preserved  from  the 
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moisture  of  the  air,  hos  been  found  highly  serviceable  ia  this 
respect;  but  the  nioet  ingenious  contrivance,  for  which  we 
are  indebted  to  Mr.  John  Harrison,  is  the  gridiron  pendulum, 
composed  of  bars  of  diffei*ent  metals,  so  ar- 
ranged as  to  correct  each  other's  expansion; 
thus,  let  G  be  the  ball  of  a  pendulum,  and  s  the 
point  of  auBpcnsion.  a  r  c  d  is  a  steel  frame,  ^_ 
to  wliich  is  attached  the  rod  sf;  and  abed  ia  ^ 
a  frame  of  some  other  metal,  and  is  attached  to 
the  rod  c  d,  at  the  points  c  d.  At  t,  the  rod 
TO  ia  suspended,  passing  freely  through  an 
aperture  at  h.  Now,  if  the  temperature  be 
raised,  the  frame,  a  n  c  d,  will  dilate  down- 
wards, that  is,  c  D  will  be  carried  further  from  i;  _ 
the  point  s;  and  if  the  muss  of  the  penduhmi 
be  thus  brought  downwards,  it  will  no  longer 
beat  seconds.  But  the  frame  abed  is  also  ex- 
panded, and  the  expansion  is  upwards;  so  that 
wliile  c  D  is  lowered,  a  b  will  be  raised.  Now, 
if  we  suppose  a  &  to  be  raised  as  much  as 
ia  lowered,  the  distance  at'  ab  from  s  will 
main  unchanged.  But  the  increase  of  tem- 
perature  which  expands  the  other  part  of  the  instrument, 
expands  the  rod  t  c,  and  therefore  the  distance  between  g 
and  T  is  preserved.  Now  looking  at  the  instrument  gene- 
rally, we  observe  that  sf,  ac,  to,  when  expanded  by  a  rise  of 
temperature,  wjuld  tend  to  increase  the  distance  between  a 
nnd  G;  that  is,  the  point  of  suspension  and  tlie  bob.  To  pre- 
vent this,  wc  must  make  the  frame  e abd  of  sucli  a  metal, 
that  its  expansion  upwards  may  exactly  neutralize  the  com- 
bined downward  expansions,  and  thus  the  distance  between  s 
and  a  will  be  preserved. 

Ch.  You  said.  Papa,  that  the  length  of  a  pendulum  in  the 
latitade  of  London  to  beat  seconds  should  be  little  more  than 
thirty-nine  inches;  would  this  do  for  Paris? 

Fa.  No;  I  will  furnish  you  with  an  admirable  table  Irom 
Mr.  Airy's  treatise  on  the  figure  of  the  earth  iu  the  Encyclo- 
pedia Metropolitana,  which  gives  the  length  in  English  inches 
of  the  pendulum  to  beat  seconds  in  the  moat  important  lati- 
tudes. 
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Wo  will  now  conclude  this  topic  with  a  succinct  aoconnt  of 
"elawB  of  pendulamfl: — I.  The  timea  of  vibration  of  the 
me  pendulum  in  small  arcs  are  all  equal.  2,  The  velocity  of 
r  weight  in  the  lowest  point  will  be  as  the  length  of 
the  chord  of  the  are  which  it  describes  in  its  descent.  3.  The 
times  of  vibrations  of  different  pendulums  in  small  arcs,  are 
proportional  to  the  square  roots  of  their  respective  lengths. 
,  4.  The  lengths  of  pendulums  are  as  the  squares  of  the  times 
f  vibration.  .5.  In  the  latitude  of  London,  a  simple  pendu- 
I,  that  is,  a  fine  thread  with  a.  small  ball  at  the  end,  must 
"  3  inches  and  n  fifth  long  to  vibrate  once  in  a  second  in  a 


QUESTIONS  FOB  EXAMINATION. 


Wlutli  apeiidnlaiD?  —  WliKiithe 
lai^;th  c^  A  pendulum  to  vlbnla  §&- 
eaodl  In  our  latitude?— Do  tlKf  Ti- 
tr*U  in  the  Bunc  liDii;  at  the  vqnilor? 

—  What  l>  tbc  c«iwe  of  the  oncUlitioa  ? 

—  Da*  tlie  pendulum  ob«rire  a  twr- 
petnal  niDCkn? — Bow  and  bf  whom 

mathb  pHtaliar  propertj  of  the  pen-     »•»  il  ii.iiui™  r —  nun 
dBlsm  diieorend? — Prote  tlnl  It  !■  |  chief  U<n  of  pcndulmni  i 

be  might  Ot  the  ball  (lint  sITccts 


the  lime  of  the  vibratloii  ?  —  ITow  don 
gmylty  operate  upon  the  pendulum  ? — 
How  du  the  osclUaUcnia  Tary? — How 
U  a  dock  reRQlnlcdr  —  Docs  corialion 
oTtemperatora  alfttt  the  pendnlnm? — 
Bow  mi)'  Ihia  be  remedied  7  —  Wbut  il 
th«  gridlroD  peaduluin  ?  ~~  B7  whom 


BOMB  OF  THE  LKADINO  D 

IS   RECOMUEKDED  THAT    THE  FDPILa    SHOOLD    COMMIT    TO 
UEUOKI 

MATTES. 

I.  Tbe  prapotM  of  niatur  «n  ImpenctnUlily.  dlriilbaitr,  raablUq>,  uii] 

S.  All  bodies  aHBi  to  po«eu  tbcpTopertlEi  of  attnutiDD, 

S.  ImpcnttnbClitT  U  the  iirofiBty  by  wUidi  tmbodin  euinot  oceopy  the 
unwpkrt  ottptce  mtthe  umctlme. 

(.  IHtliiblllEr  ia  thUpropert;  bj  wliicta  mrLtUr  la  capabb  of  bring  diTtded. 

i.  Mabin^  li  that  pn^Dit]'  ^  matter  b;  wbkli  It  !■  ctpitile  of  bsin;  mond. 

C.  tnertlB  Ii  Cbs  ttndcraiy  which  malltr  hue  to  Dondnnc  in  the  nate  ialo 
yrbicii  It  li  put  whether  of  real  or  motinu. 

T.  Space  is  cither  abaoltile  or  roUUvc. 

S.  AtMolule  apaoe  haa  so  limita  i  and  ia  ilaelf  inuaoreable. 

S.  BelallieEpaot  iBtliat  part  of  tlxolule  apace  wbiob  1b  occupied  by  anybody. 

ID.  MoTToslaelUier  abMlntBorrdaUire. 

tl.  AtaaidaU  mctioD  ia  the  motEon  that  bodioa  baTe  IsdepcndcnUr  of  «acb 
other,  aod  dd];  with  iB(ari  to  the  parta  of  apace. 

II.  Relative  motion  ia  Uw  degree  and  direction  of  the  motion  of  any  body, 
vrb  A  compared  with  that  of  another. 

13.  Ascelerated  motion  ia  Uiat  la  which  the  Telocity  of  the  motion  cootlan- 
■II;  tuenues. 

U.  Relacdcd motion  Uwhenthe  Te]ocityeonthiaanydiwrca»a. 

II.  Thfl  Telocity  of  uniform  motion  ia  estimated  by  the  space  moTOd  over  In 
a  Mrtaln  Umc. 

IS.  Thi!  Telodty  or  a  body  it  asceHaitied  by  dividing  tlicipacc  by  the  Hue. 

II.  The  span  la  estimated  by  the  dme  mnltiplied  into  thu  TcloeiEy. 

18.  In  aoadcralod  moUon.  tba  Bpa«  paiaed  aver  hi  In  proponlon  Iot]ieK|iiara 

10-  A  body  aflled  opon  by  one  force  moTea  la  a  straight  tine. 

ID.  A  body  aeled  upon  by  one  unUbno  fbrcc  anil  aba  by  another  accdenil- 
Ing  fbrea  in  a  difl^nt  dlrcotion.  will  dcKrlbc  a  Durrc. 

31.  The  momenlnm  of  a  body  la  the  force  with  which  It  moves,  and  is  ttU- 
maled  by  the  quantity  ofmalter  tnulliplied  Into  Ita  reloclty. 

an.  The  attraetloa  ofcoheelOD  acta  at  only  very  amoU  dlstinoid. 

II,  The  attraction  of  gnTUaUon  is  that  which  masses  of  matter  exert  on  eacli 


I  (.  OntTltation  dosnaaea  from  the  anrbiw  of  the  earth  ai  the  aqnarea  of  the 
dbtancea. 

St.  The  oentrifUgal  fiirca  li  the  lendoney  itdoh  bodies  that  reTolTc  round  a 
oeBlnbave  U  fly  offfiom  ii  in  a  tangent  to  the  earre  tlicymovc  la. 

IS.  Thu  centripetal  Ibroe  la  Qiat  which  prerenla  thMr  Bylog  dH;  by  Imiielllne 
them  lowardi  a  oenin  I  KDiA  la  the  attnctlon  ofgraTitatlon. 

II.  The  eealre  of  gravity  ia  that  pohit  In  wUdi  the  weight  of  a  tody  It  lop- 

VB.  A  lloe  drawn  from  the  centre  of  granty  perpendicular  (othe  horiion,  Is 
called  the  llneofdlreotkin. 

2t.  When  the  line  of  diwction  fklla  within  the  base  of  any  body,  that  Inidy 
wlllatand:  hut  when  II  falls  witliODt  the  ban,  Ihe  body  wUI  fall. 

30.  There  are  three  Idnds  of  leret! :  thejfnl  is  nlitu  the  fulcram  la  htlWL-on 
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leead  ofths 


thcpomr  mhI  the  weight:  the  Hond  b  irtm  tlie  Italamm  i«  *tai 

lerer,  thB  pvmr  It  tb«  otbo',  tnd  tba  wdgfat  betHHn  tLem :  the  I         ._ . 

the  (hlcnmi  la  M  one  end,  the  vtigbl  >t  the  other,  uid  the  power  between  them. 

11.  la  >U  kbiil*  of  leren.  thepowaii  to  tbe  weight,  u  the  dlitmnce  of  the 
wdgbt  fMoi  the  (talcnim  li  to  thai  of  the  power  ftan  the  fiilcmm. 

t  J.  A  hinuKT  it  ft  bent  lerer,  and  dlStoi  only  In  tana  fion  m  lerep  of  tbe 
OnlUsd. 

IS.  A  balina  te  m  lever  of  the  flrtt  kind  with  cquil  tnnf. 

It.  neMed-r>rd  ielltewlM  *  leter  of  tlie  flrit  kind  wlCb  tmoreible  weight 

10-  In  the   wlacc]  uid  mzle.  to  obtain  an  eqiillbilDtt,  fiie  power  moil  be 
to  the  wdght,  utbe  dienmrerence  of  the  whwl  li  lotbe  drcomfcreiuM  of  the 


letoChediin 
as.  PnOen  are  of  two  kinds,  flicd  and  m 
~  ~.  In  tbe  Used  pnller.  w ' 


re  win  be  an  sqnlllbilam  kf  tbe  power  [<  eq 


■e  weight  u 
—— *«"!■— '  adTanUge  obMltud. 

3S-  In  tbe  moreable  pollej,  V 
to  balf  tbe  weliJit  obljr. 

M.  In  Ibe  iDcUiud  plane  there  will  be  an  equUibrium  when  I 
tbe  wdghtaa  tbe  hdghtoflhe  plane  lata  the  length. 

40.  lDtbewedga,tlwpowarwlUbetotbewelghtaabalf  the  t 
wedge  on  tbe  back  li  to  the  length  of  one  of  the  aide*. 

41.  The  anew  b  alwaya  naed  with  a  leTei  I  and  the  powCT  li  t 


weight  ai 


ASTRONOMY. 

FIRST    CONVERSATION. 

OF  THE  FIXED  STARS. 

FATHEB CHABLSS JAMES. 

Charles.  The  delay  occasioned  by  our  unusuall}'  long  wnlk 
has  afforded  ua  one  of  the  most  brilliEint  views  of  the  beaveni) 
I  ever  witnessed.  What  a  delightful  study  muet  Astronomy 
be!     What  does  Astronomy  mean,  Papa? 

la.  The  word  Astrojum^  implies  that  science  which  explains 
the  motions  of  the  heavenly  bodies,  and  the  laws  by  which 
they  are  governed:  it  is  derived  trom  two  Greek  words  aster 
(aonjp)  "  a  star,"  and  nomos  (yofto  )  "  a  law;"  and  it  is  my 
design  to  explain  this  wonderAil  study  to  you  in  our  ensuing 
conversations,  and  I  trust  it  will  lead  you  to  admire  the 
wisdom  and  omnipotence  of  the  Almighty,  and  to  be  ever 
ready  to  acknowledge  His  power  and  goodness  in  all  that  you 
survey. 

Ja.  Oh!  thank  you.  Papa,  I  shall  be  delighted  vrith  the 
study,  I  am  sure.  How  uncommonly  clear  it  is  to-night,  and 
the  longer  I  keep  my  eyes  fixed  on  the  stars,  the  more  there 
seem  to  me  to  appear.  Is  it  possible  to  count  these  stars, 
Papa?  I  have  heard  that  they  ore  numbered,  and  even  ar- 
ranged in  catalogues  according  to  their  apparent  magnitudes. 
Fray  explain  to  us  how  this  was  done. 

Fa.  I  will  with  great  pleasure  by  and  by;  but  at  present, 
I  must  tell  you  that  in  viewing  the  heavens  with  the  naked 
eye,  we  are  very  much  deceived  as  to  the  supposed  number 
of  stars  that  ore  at  any  time  visible.  It  is  generally  admitted, 
and  on  good  authority,  that,  without  the  aid  of  glasses,  there 
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■▼er  iDore  than  a  few  thuuBand  stars  visible  at  any  one 
time  and  place. 

What,  Papa!  can  I  see  do  more  tbaa  a  few  thousand 
Btars,  if  I  look  oU  round  tho  heavens  ?  I  should  have  thought 
there  had  been  millions. 

.  The  number  I  have  mentioned  is,  according  to  Dr. 
Herschel,  the  limit  of  what  you  can  at  one  time  behold: 
Uid  tliat  which  leads  you  and  others  to  conjecture  that  the 
BDinber  is  bo  much  larger,  is  owing  to  an  optical  deception. 

•M.  What  is  meant  by  the  term  optical  ? 

fa.  The  term  optical  is  an  adjective,    derived   from  the 
Greek  word   opns   (S4.1t)  "  sight,"  or  optomai  (ottojuh)   "  I 

e;"  hence  we  have  the  term  Optics,  the  science  of  vision. 

Ja.  Are  we  liable  to  be  frequently  deceived  by  our  senses? 

Fa.  We  are,  if  we  depend  on  them  fitipfff ;  but  where  we 

,ve  an  opportunity  of  calling  in  the  aasistonce  of  one  sense 
te  the  aid  of  another,  we  are  seldom  subject  to  tliis  incon- 


Ch.  Do  yon  not  know  that  if  you  place  a  small  marble  in 
Itte  palm  of  the  lefl  hand,  and  then  cross  the  second  finger  of 
'  e  right  band  over  the  first,  and  in  that  position,  with  your 
es  shut,  move  the  marble  with  the  tips  of  the  two  fingers 
u3  crossed,  the  one  marble  will  appear  to  the  touch  as  two? 
I  this  instance,  without  the  assistance  of  our  eyes,  we  should 
!  deceived  by  the  sense  of  feeling. 

Fa.  Exactly  so,  and  this  shows  that  the  judgment  formed 
'  means  of  a  single  sense  is  not  always  to  be  depended  upon : 
t  this  has  nothing  to  do  with  the  false  judgment  which  we 
e  said  to  form  in  respect  of  the  number  of  the  stars;  but  it 
ly  be  asefiil  in  affording  us  a  lesson  of  modesty,  and  in- 
ructing  us  that  we  ought  not  to  close  our  minds  against  any 
esh  evidence  offered  on  any  subject,  although  that  evidence 
ly  seem  contradictory  to  the  opinions  we  may  have  already 
tToed.  But  to  proceed  with  our  subject;  you  say  that  you 
e  millioDB  of  stars,  although  the  ablest  astronomers  assert  that, 
with  the  naked  eye,  you  can  at  one  time  see  but  a  few  thousands. 
Ch.  I  also.  Pupa,  should  have  thought  as  my  brother  does, 
A  you  not  asserted  the  contrary;  and  I  am  anxious  to  know 
w  the  deception  happens;  for  I  am  sure  there  must  be 
eat  deception  somewhere  if  I  do  not  at  this  time  behold 
rj  many  thotisands  of  etare  in  the  heavens. 


fit  Yon  knonr  ^t  we  mb  otgeote  onlj  bj  means  of  the 
»ys  of  light  which  proceed  from  them  in  every  direction. 
And  joQ  mngt,  tor  tiia  preaent,  be  satisfied  when  I  tell  you 
HbMi  the  distanoe  of  the  fixed  stars  from  us  ie  immensely  great: 
conseqnently,  the  r&ys  of  light  have  to  travel  this  distance,  in 
tfce  course  of  which,  eepeaallj  in  their  passage  through  our 
atmoephere,  they  are  subject  to  numberless  reflectwne  and 
vtfraetiont.  By  means  of  theses  various  rays  of  light  come 
to  the  eye;  every  one  of  which,  perhaps,  impresses  upon  the 
mind  the  idea  of  so  many  separate  stars.  Hence  arises  that 
optical  &Uacy  by  which  we  are  led  to  believe  that  the  stars 
which  we  b^old  are  innnmeraUe. 

Ja.  What  Is  the  meaning  of   the  terms  rejieeud  and 


Fa.  The  word  rwfSerW  is  derived  from  the  Latin  refieclo, 
"1  bend  back;"  hence  to  bend  the  mind  back  upon  itself: 
rtftecHtM  of  the  rays  of  Ught,  is  a  motion  of  the  rays,  by 
which,  after  striking  on  a  body,  such  as  a  mirror,  they  are 
driven  back.  Refraeted  is  derived  Srom  the  lAtin  woiil  re- 
/rimgc,  refrattum,  "  to  break."  Refraction  of  the  rays  of 
Bght  is  a  deviation  of  the  rays  from  the  direct  course,  upon 
fidling  obliquely  out  of  one  medium  into  another  of  a  different 
density.  The  term  refraction  applies  to  the  distortion  which 
Is  oooastoaed  in  the  appearance  of  an  object,  viewed  in  parts 
only,  by  Tefracted  light;  thns  an  oar  partially  immersed  in 
water  appears  bent,  on  account  of  the  rtfraclion  of  Ught, 

Ja.  Can  you  eonflrm  your  explanation  of  our  deception 
by  experim«it  F 

Fa.  Yon  shall  be  gratified.  In  every  ease  yon  ought  to 
require  th«  beet  evidence  that  the  subject  will  admit  of— 

T«  uk  or  tmth  Iblune  UiMOOti  fbihentn 

I)  u  tha  boc*  of  God  bdbre  tbM  Mt, 

Wtambi  to  nad  hU  woadniu  mrt*,  1*4  tava 

Hli  HMou.  bom  w  darh  n  inoatbfc  or  fewt^-KiLTOH. 

I  will  show  yoa  two  MCperiments  whicli  will  greatfy  help  to 
HBtore  the  diffieullj. 

Here  are  two  cmnmon 'looking  glasses,  which,  phUosophi- 
calfy  speaking,  are  plane  mirrors.  I  place  them  in  such  a 
manner  on  the  taUc^  that  they  anpport  oae  another  from  falling 
^  meetntg  at  the  top.  I  now  |dace  this  half-crown  between 
them,onabook,t»niseitalittl«abova  tlw  table.     ItUmir 
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r  aMBy  pieces  of  money  you  would  suppose  there  were,  if 
■  Wi  ^(t  not  know  ttuit  I  liul  used  but  one. 
'-,  Ttere  Bre  Beveral  in  the  glasses. 

■■  now  alter  the  position  of  the  glasses  a  little,  by 
ing  them  almost  parall'.'l  to  each  other.     Now  look  into 
I,  and  tell  me  what  you  sev. 
Ja,  There  are  more  half-crowns  now  than  there  ivere  before. 
,   Fa.  It  is  evident,  then,  that  by  re/leclion  onl)-,  u  single 
I  have  made  use  of  but  one   half-crown)  will 
I  appear  to  you  to  be  Teiy  many. 

I      OL  If  »  htUe  contrivance  had  been  used  to  conceal  the 

Kwethod  of  making-  the  experiment,  I  should  not  have  believed 

■"kit  that  there  hod  been  several  half-crowns  instead  of  one. 

Fa.  Bring  me  your  miUtiplying  glass.     Look  through  it  at 

'  e  candle.     How  many  do  you  see?  or,  rather,  how  many 

indies  should  you  suppose  there  were,  did  you  not  know  that 

one  on  the  table? 
Ja.  A  great  many:  and  it  pretty  sight  it  is. 
Ch.  Let  me  seel  yea,  there  are  very  many,  but  I  can  easily 
eotmt  them.     There  are  sixteen. 

Fa,  There  wiU  be  just  as  many  images  of  the  candle,  or 
lay  other  object  at  which  you  look,  as  there  are  different  snr- 
"  M  on  your  glass.  For,  by  the  principle  of  refraction,  the 
ige  of  the  candle  is  seen  in  aa  many  different  places  as  the 
3  had  surfaces:  consequently,  if,  instead  of  16  there  had 
)0,  or,  if  they  could  have  been  cut  and  polished  so  small, 
a  be  600,  then  the  single  candle  would  have  given  you  the 
earanceof  60or600.  What  think  you  now  about  the  stars? 
a.  Since  I  hare  seen  that  refleelioH  and  rffraction  will 
I,  indivtdiially,  afford  such  optical  deceptions,  I  con  no 
r  doubt  but  that,  if  both  these  causes  are  combined  as 
f  they  are  with  respect  to  the  rays  of  light  coming 
lie  fixed  stars,  a  thousand  real  luminaries  may  have  the 
r  of  exciting  in  my  mind  the  idea  of  niUions. 
1  will  mention  another  eiperimcDt,  for  which  you 
Y  be  pr<-pared  against  the  next  starlight  night  Get  a  long 
row  tub*,  the  longer  and  narrower  the  better,  provided  its 
ht  does  not  render  it  unmanageable;  and  through  it  ex- 
«  any  one  of- the  largest  flxnd  stars,  which  are  called  stars 
'the jmf  magnitude;  and  you  will  find  that,  though  the 
'  e  takes  in  aa  much  sky  as  would  contain  many  such  stars, 
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yet  that  the  single  one  at  which  you  are  looking  is  scarcely 
Tisible,  by  the  few  rays  which  come  direcify  from  it  This 
is  another  proot  that  the  brilliancy  of  the  heavens  is  much 
more  owing  to  reflected  and  refracted  light  than  to  the  direct 
rays  proceeding  from  the  stars. 

QUESTIONS  FOR  EXAMIKATIOK. 


.  What  is  the  mMning  of  the  tenn  ■«- 
tnmoiii7?~How  many  stars  are  there 
iopposed  to  he  visible  at  one  time,  and 
at  one  place  ? — ^As  the  number  appears 
to  be  mndi  greater  than  1000,  what  is 
the  cause  of  the  deception  ? — How  do 
jott  illustrate  this? — By  what  experi- 
ment?— And  what  is  meant  by  the 
term  optical? — How  are  oldects  seen ? 
—  And  to  what  are  the  rays  of  light 
BQl^ect  in  their  passage  from  the 
Itxed  stars  to  the  earth?—- By  what 


means  can  a  single  ob)c6t  be  made  to 
appear  like  many  ? — In  looking  through 
a  multiplying  glass  at  a  single  otject, 
how  many  imifges  of  that  otdect  wiU 
be  seen? —  What  other  experiment 
is  there  to  prove  that  the  brilliancy 
of  the  heavens  is  chiefly  owing  to 
r^heUd  and  refracUd  light  ?  —  What 
is  the  meaning  of  the  word  n^fleciedf 
—  What,  cXrefraetedf  and  whence  are 
these  terms  derived  ? 


CONVERSATION  H. 

OF   THE   FIXED    STARS COnHnUcd, 

Charles,  Another  beautiful  evening  presents  itself.  Shall 
we  take  the  advantage  which  it  offers  us  of  going  on  with 
our  astronomical  lecture? 

Fa,  Willingly:  for  we  do  not  always  eiyoy  such  oppor- 
tunities as  the  brightness  of  the  present  evening  affords. 

Ja,  I  wish  very  much  to  know  hoAv  to  distinguish  the  stars^ 
and  to  be  able  to  call  them  by  their  proper  names. 

Fa.  This  you  may  very  soon  learn  to  do.  A  few  evenings, 
well  employed  in  this  pursuit,  will  enable  you  to  distinguish 
all  the  stars  of  the  first  magnitude  which  are  visible,  as  weU 
OS  the  relative  positions  of  the  different  constellations. 

Ch,  What  do  you  mean  by  stars  of  the  first  magnitude? 

Fa,  The  stars  have  been  divided  by  astronomers  into 
various  classes,  according  to  their  brilliancy,  which  are  called 
Magnitudes,  The  brightest  stars  are  said  to  be  of  the  first 
magnitude;  the  next  decisive  difference  gives  name  to  stars 
of  the  second  magnitude;  and  so  on,  down  to  the  sixth  or 
seventh,  which  comprises  the  smallest  stars  visible  to  the  naked 
eye.    Telescopes,  lK)weter,  continue  the  seri^  down  to  the 
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■ixteenth  magnitude;  and  bj  a.nd  by,  perLaps,  we  may  liave 
inatraineoU  of  superior  power  that  will  brinf.'  ators  beyond 
the  sixteenth  magnitude  within  the  nuige  of  our  obaer\ation. 

Jo.  What  are  constellations,  Papa? 

Fa.  The  ancients,  in  order  tliat  they  might  the  better  dis- 
tinguish  and  describe  the  stars,  with  regard  to  their  situation 
in  the  hearena,  divided  them  into  constellations;  that  is, 
groups  of  etara;  each  group  consisting  of  such  stars  as  were 
near  to  each  other;  giving  them  names,  derived  from  their 
mjtbologf,  of  such  men,  animals,  or  things,  as  they  fancied 
llie  apace  that  they  occupied  in  tlie  heavens  represented.  The 
Iword  torutellation  is  derived  from  the  Latin  con,  "  together," 

i  MttUa,  "  a  star." 

Ca.  Is  it,  then,  perfectly  arbitrary,  that  one  willeetion  is 
■lied  the  Great  Bear,  another  t/ie  Dragoii,  a  third,  JJerculet, 

Fa.  It  is:  and  though  there  ha. ve  been  additions  to  the  num- 
Mtr  of  stars  in  eacho)nstellation,&nd  various  new  consiellutions 
Sscovered  by  moJcni  astronomers,  yet  the  original  division 
f  the  stars  into  these  collections  was  one  of  those  few  ar- 
Intraiy  inventions  which  has  descended  without  alteration, 
fiOtherwiee  than  by  addition,  from  the  days  of  Hipparchus  and 
Ptrilemj  down  to  the  present  time. 

Before  we  proceed  further  I  must  now  ask  you,  if  you 
know  how  to  And  the  four  points  of  the  compafi?,  or,  as  they 
ve  usually  called,  the  four  cardinal  points — viz.,  the  North, 
South,  West,  and  East? 

Jo.  Yes;  I  know,  that  if  I  look  at  the  s 
looking  to  the  South,  which  is  his  position  at  that  ti 
^bkck  is  then  towards  the  North;  the  West  is  o 
uid,  and  the  East  on  my  left. 

.  But  Tou  must  learn  to  find  these  points  w 
asistaaceof  the  sun,  if  you  wish  to  be  an  oslronomer. 

I  have  often  heard  of  the  JVbrth  Polar  Star.    ThaJ  will, 
erbape,  answer  the  purpose  of  tlie  sun,  when  he  has  left  as. 
"^a.  Certainly.     Do  yon  see  those  seven  stars  which  are  in 
»  constellation  of  the    Great  Bear?     Some  people  have 
ti  thar  position  represents  a  plough;  others  say,  that 
e  more  like  a  Waffon  ami  Horses ;  the  four  atara  re- 
mting  the  body  of  the  wagon,  and  the  other  three  the 
w  ,4od  hence  they  ar^  called  by  B<mie  the  Plough,  and 


Sly 

1  my  right 

vithout  the 


bf  others,  Charles's  vain  or  wagon.  Here  is  a  drawing  of  it 
(fig.  I);  abdg  r^kreaent  tbe  four  stara  fonoing  the  outline  of 
the  wagon,  and  eza  the  three  deaigiuting  the  hones. 

CA.  What  IB  the  star  p  beyond  this  ctmstellation? 

Fa.  That  represents  the  polar  star,  to  which  you  just  now 
■lluded;  and  jou  observe,  that  if  a  line  were  drawn  through 
tbe  stars  b  and  a,  and  produced  &r  enough,  it  would  nearly 
touch  it. 

Ja,  Let  me  aee  if  I  can  point  it  out  to  yon.  Papa,  in  the 
heavena.  There  it  is,  I  think.  It  shines  with  a  steady  and 
rather  dead  kind  <^  light;  but  it  appears  to  me  to  be  a  little 
to  the  right  of  the  line  passing  through  the  stars  a  and  h. 

Fa.  It  would:  and  these  stars  are  gen^ially  known  by 
tbe  name  of  the  pointer!,  because  they  point  to  the  NortiL 
Pole,  p,  which  is  situated  a  little  more  than  two  degrees  from 
the  Polar  star  f. 

Ch.  Is  that  stv  always  in  the  same  part  of  the  heavens? 

Fa,  It  may  be  ooosidered  as  uniformly  maintaining  ita  po- 
sition,  while  the  other  stars  seem  to  move  round  it  as  a  centre. 
We  shall  have  occasion  to  refer  to  this  star  agun.  At  pre- 
sent,  I  have  only  directed  your  attention  to  it^  as  the  proper 
method  of  finding  the  pointe  of  the  compass  or  cardinid  points 
by  starlight. 

Ja.  Yes:  I  understand  now,  that  if,  by  standing  with  my 
fiM%  to  that  star,  I  look  to  the  North,  the  South  ia  then  at  my 
back;  on  my  r^ht  ia  the  East,  and  on  my  left  the  West 

Fa.  This  is  one  important  step  in  oar  aatcoiiomical  studies: 
but  we  shall  find  that  we  can  also  make  use  of  these  stars  as 
a  kind  of  standard,  in  order  to  discover  the  names  and 
positions  of  othns  in  the  heavens. 

Ch.  In  what  way  must  we  proceed? 

Fa.  I  will  give  you  an  example  or  two.  Imagine  a  line 
drawn  from  the  star  z,  leaving  B  a  little  to  the  left,  and 
it  will  pass  through  that  very  brilliant  star  near  the  horizon 
towards  the  west. 

Ja.  I  see  the  star.    But  bow  am  I  to  know  its  name? 

Fa.  Look  on  the  celestial  globe  for  the  star  z,  and  suppose 
tbe  line  drawn  on  the  globe  as  we  imagined  it  done  in  tbe 
heavuis,  and  you  will  find  the  star  and  its  name. 

Ch.  Here  it  is.     Its  name  ia  Arcturus. 

Fa.  Lookatyourdiagnun,andpiaceAictiirusata,  wbioLis 


?c. 
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iu  relalive  position,  in  respect  to  the  constellation 
of  the  Great  Bear.      Now,  if  you  imagine  n  .., 

line  drawn  through  Uie  atnra  y  and  b,  aad  ex-  /  \ 

tended  a  conaideruble  way  to  the  right,  it  will    b^J 
(MM  joM  Ktxm  tnother  very  brilliant  star.    Ex-     y-"  •  X»-  \ 
Mitine  the  globe  m  before,  and  Sod  ita  name.         /        ^    «* 
Ch.  It  ia  Capelh,  the  Goiil.  *^       ^ 

Fa.  N«w,  whenever  you  flee  ftoy  of  theaestHrs, 
yfia  will  know  where  to  look  for  the  others,  without  hewtation. 
Ja.  But  do  they  never  move  fi'oni  their  places? 
/*«.  With  respect  to  tlic   wbole   heavens,   they   seem  to 
fltOTe  round  the  polar  star;  but   they  always  rernain  iu  tb« 
ante  apparent  relative  pontioa  with  respect  to  each  other. 
Heuec  they  are  cailed^rai  atars,  Jn  opposition  to  the  planets, 
twhich,  like  our  earth,  are  cootintittDy  clianging  their  places, 
Mh  with  re^rard  to  the  fixeil  stars  and  to  themselves  also: 
I  must  add  that  the  term  Jijced  is  to  he  understood  in  a 
WlBmparative,  not  absolute  sense ;  fur  many  of  the  stars  arc  in 
■k  certain  stale  of  motion,  though  too  slow  to  be  perceptible 
rithout  the  most  dehcate  and  continued  nhserrations. 

Ch.  I  think  1  now  understand  pretty  well  the  method  of 
oquiring  a  knowledge  of  the  names  und  places  of  the  Rtarv. 
'   J^'O.  With  this,  then,  we  will  close  our  present  conrersation. 
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VA  fbe  uiFlait  tXov-     the  dini.-renei>  tvtwo 
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M  arcUu  two  stinciDed.  throDgh  '  uid  then  dluppMring.  Some  aun 
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"lepoint.ne»r  which 
fa  the  Fplar  •Tdr  t  —  li  tlic  Pulur     is  plucd  the   Polar  alar  ibOTc  men- 
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IM  ABTROMOMT. 

CONVEESATION  HL 

OP  THB  nxa>  BTABB,    AND   THK   ECUTTtO. 

Father.  I  have  no  donbt  that  jou  will  have  very  little  diffi- 
cnltfin  dUcorering  the  north  pc^  atu  as  soon  u  we  go  into 
the  open  air. 

Ja.  I  shall  at  once  know  where  to  look  for  that  and  the 
«ther  stars  which  yon  pointed  out  last  night,  if  they  hare  not 
changed  tlieir  places. 

Fa.  Thej  always  keep  the  same  position,  with  respect  to 
each  other,  though  their  situation,  with  regard  to  the  heavens,- 
will  be  different  at  different  seasons  of  the  year,  and  in  dif- 
ferent hours  of  the  night.     Let  ns  go  out  and  see. 

CA.  The  stars  are  all  in  the  same  places  as  we  left  them 
last  evening.  Now,  Papa,  if  we  imagine  a  straight  line  to  be 
drawn  through  the  two  stars  in  the  plough,  which  in  the  figure 
(1)  are  marked  d  and  g,  and  to  extend  a  long  way  down,  it 
will  pass,  or  nearly  paae,  through  a  very  bright  star,  though 
not  so  bright  as  Anturus  or  Capella.     What  is  that  star? 

Fa.  It  is  a  star  of  the  second  magnitude:  and  if  you  refer 
to  the  celestial  globe,  in  the  same  way  as  you  were  instructed 
last  night,  you  will  find  it  is  called  Regtdut,  or  Cor  Leonii, 
the  Limit  Heart.  By  this  method  you  will  quickly  discover  the 
names  of  all  the  principal  stars;  and  afterwards,  with  a  little 
patience,  you  will  easily  distinguish  the  others,  which  are  less 
conspicuous. 

Ch.  But  I  perc^ve  these  haye  not  all  names.  How,  then, 
are  they  specified? 

Fa.  If  jou  look  on  the  globe,  you  will  observe  that  they 
ore  distinguished  by  the  different  letters  of  the  Greek  alpha- 
bet; and  in  those  consteUadons  where  there  are  stars  of  dif- 
ferent apparent  magnitudes,  the  lai^est  a  (a),  alpha ;  the 
next  in  size  f3  (6),  beta  ;  the  third,  y  (g),  gamtna ;  the  fourth, 
£  {d),  delta,  and  so  on. 

Ja.  Is  there'any  particular  reason  for  this? 
Fa.  I'he  adoption  of  the  characters  of  the  Greek  alphabet, 
rather  than  any  other,  wss  perfectly  arbitrary.  It  is,  how- 
ever, of  great  importance  that  the  same  character  be  used  by 
astronomers  in  general  of  all  countries;  for  by  this  means  the 
science  assumes  a  sort  of  universal  language,  and  becomes  ia- 
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IcU^jible  tlmnighant  tbe  world.  Charles,  70U  most  teach 
youT  tmrther  the  Greek  alphabet,  he  will  h&ve  to  acquire  it 
when  he  is  a  little  older,  so  that  he  may  as  well  learn  it  now. 

Ok.  1  shall  be  most  happy  to  do  so,  Papa,  and  will  you  ex- 
^■iii  to  ns  how  this  introduction  of  Greek  letters  applies?* 

Fa.  Letossupposethatif  an  astronomer  in  North  America, 
Aaia,  or  any  other  part  of  the  earth,  observe  a  comet  or  any 
part^olar  appearance  in  that  part  of  the  heavens  where  the 
eonstellation  of  the  Hough  is  situated,  and  he  wish  to  de- 
scribe it  to  his  friend  in  Great  Britain,  that  he  mny  know 
whether  it  was  seeti  by  tbe  inhabitants  of  this  island;  he  has 
only  to  mention  the  time  when  he  discovered  it;  its  position 
in  regard  to  some  one  of  the  stars,  calling  it  by  the  Greek 
letter  by  which  it  is  designated,  and  the  course  which  it 
took  fhnn  one  star  towards  another.  Thus  he  might  say, 
that  at  such  a  time  he  saw  a  comet  near  S  in  the  Great  Bear, 
and  that  its  coarse  was  direct  from  ^  to  f3,  or  any  other  letter, 
as  it  might  luqipen. 

CK.  Then,  if  his  friend  here  had  seen  a  comet  at  the  same 
time,  he  wonld,  by  the  same  means,  know  whether  it  was  the 
same  or  a  different  comeL 

Fa.  Certainly  :  and  hence  you  perceive  of  what  import- 
ance it  is,  that  astronomers,  in  different  countries,  should 
i^ree  to  mark  the  same  stars  and  groups  of  stars  by  the 
same  characters.  Bat  to  return  to  tiiat  star,  to  which  you 
jnst  called  my  attention,  the  Cor  Leonii,  it  is  not  only  a  re- 
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maikable  star,  but  its  position  is  also  remarkable :  it  is  site 
ated  in  the  ecHpiie, 

Ja.  What  is  the  ecliptie^  Pftpa  r 

Fa.  The  eeUptie  is  an  imaginary  great  circle  in  the 
heavens,  which  the  son  tippean  to  describe  in  the  course  of 
a  year.  If  you  look  on  t^  celestial  globe,  you  will  see  it 
marked  with  a  red  line ;  an  embl^n,  perhi^  of  the  fierce 
heat  communicated  to  ns  by  that  body* 

Ch.  Why  was  it  called  the  Ecliptief 

Fa.  Because,  when  any  heavenly  bodies  are  in  or  near  this 
circle,  they  are  liable  to  be  edipeed,  that  is,  deprived  of  the 
sun's  light  by  some  intervening  body.  It  is  derived  from  the 
Greek  word  ecleipsu  (IcXct^,)  *^  absence,  or  defidency." 

«/a.  But  the  sun  seems  to  have  a  circular  motion  in  the 
heavens  every  day. 

Fa.  It  does:  but  this  is  called  its  apparent  diurnal  or  daily 
motion,  which  is  very  dififerent  from  the  path  it  appears  to 
traverse  in  the  course  of  a  year..  The  former  is  observed  by 
the  most  inattentive  spectator,  who  cannot  but  know  that  the 
sun  is  seen  every  morning  in  the  East,  at  noon  in  the  South, 
and  in  the  evening  in  the  West:  but  the  knowledge  of  the 
laUer  must  be  the  result  of  patient  observati(m. 

Ch.  And  what  is  the  green  line  on  the  globe  which 
crosses  it  ? 

Fa.  It  is  called  the  Eguaiary  which  is  an  imaginary  circle 
belonging  to  the  earth,  which  you  must  still  suppose,  for  the 
present,  is  of  a  globular  form.  If  you  can  imagine  the  plane 
of  the  terrestrial  equator  to  be  produced  to  the  sphere  of  the 
fixed  stars,  it  would  mark  out  a  circle  in  the  heavens,  called 
the  celestial  equator  or  equinoctial,  which  would  cut  the 
ecliptic  in  two  points.  The  word  equinoctial  comes  frt)m  the 
Latin  tsquus,  **  ^ual,"  and  nox,  noctis,  "  night." 

Ja.  Can  we  trace  the  circle  of  the  ecliptic  in  the  heavens? 

Fa.  It  may  be  done  with  tolerable  accuracy  in  two  ways. 
First,  by  observing  several  remarkable  fixed  stars,  to  which 
the  moon  in  its  course  seems  to  approach.  The  second  me- 
thod is,  by  observing  the  places  of  the  planets. 

Ch.  Is  the  moon,  then,  always  in  the  ediptio? 
Fa.  Not  exactly  so;  but  it  is  always  either  in  the  ecliptic, 
or  within  five  degrees  and  a  third  of  it,  on  one  side  or  the 
other.    The  planets  also,  I  mean,  Mercury,  Venus,  Mars« 
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7tipiter,  SMnra,  aad  Heracfael,  are  never  more  than  eight 
Ittgrvtm  Sataut  fintm  Uw  ediptic. 
Ja.  Smr  om  we  tnce  ibis  line  by  help  of  the  fixed  stars? 
Fa.  Bj  oomparing  the  stars  in  the  havens  with  their  re- 
^^ireaeMtatiTca  oo  the  Mtificial  globe;  a  practice  which  maybe 
mdiJj  ■cqaired,  I  will  mention  to  )*ou  the  mines  of  those 
;  and  you  may  first  find  them  on  the  globe,  and  then 
to  Ml  many  of  them  as  are  now  visible  in  the  heavens. 
^!1ie  first  is  is  the  Ram't  bom,  called  a  Arietis,  a1)out  ti-u  dc- 
o  the  nordi  of  the  ecliptic;  the  second  is  tiic  Mm-  AUIe- 
>,  in  the  fiuU'a  eye,  six  degrees  mntiA  of  the  ecliptic. 
Ch.  Then,  if  at  any  lime  I  see  these  two  stars,  I  know 
liat  the  ecliptic  runs  between  them,  and  nearer  to  Aliicbaran 
ban  to  the  star  in  the  Ram's  horn. 

Fa.  Yes:  now  carry  your  eye  eastward  to  a  distance  some- 
Irhat  greater  from  AldeWan  than  ibat  is  east  of  «  Arielis, 
ind  jDU  will  perceive  two  brig-ht  stars,  at  a  small  distance 
Vom  one  another,  called  Castor  and  J'oilax.  The  lower  one, 
wd  that  which  is  the  less  brilliant,  is  PoDnx,  seven  degrees 
m  the  Dorth  side  of  the  ecliptic.  Following  tho  same  track, 
Ft>u  will  come  to  Rfgvhu,  or  the  Cor  Leonis,  wliich,  as  I  have 
fdready  observed,  is  Id  the  line  of  the  ecliptic.  Beyond  this, 
VxA  only  two  dq;ree8  aonth  of  that  line,  yon  will  find  the 
!>eautiful  star  in  the  Virgin's  hand,  called  Spica  Virginis. 
r<iu  then  arrive  at  Antares,  or  the  Scorpiot^$  Heart,  live 
degrees  on  the  same  side  of  the  ecliptic.  Atlerwards,  you 
Will  find  n  AquUa,  which  is  situated  nearly  thirty  degrees 
Aortlt  of  the  ecliptic;  and  farther  on  is  the  star  foraoAou/,  in 
the  fisii*e  mouth,  about  as  many  degrees  sonth  of  that  line. 
The  ninth  and  last  of  theee  stars  is  Ptgana,  in  the  wing  of 
the  flying  horse,  which  i&  nearly  twenty  degrees  north  of  the 
cdiiptic 

Ja.  Upon  what  acconnt  are  these  nine  stars  particularly 


Fa.  They  are  selected  as  the  most  conspicuous  stars  neat 
e  moon's  orbit,  and  arc  ciinsidered  as  excellent  points  from 
'nvliich  the  moon's  distance  may  be  calculated  for  every  three 
•koars  of  time;  and  hence  are  constmeted  those  tables  in 
the  Nautical  Almanac,  by  which  navigators,  in  their  most 
JietaRt  voyages,  are  enabled  to  estimate,  on  the  vast  oceau, 
ttte  pBiticuUr  part  of  the  globe  on  which  they  are. 


J 


Ch.  What  do  you  mean  by  the  Nautical  Almanac? 

Fa.  It  is  a  kind  of  National  Almanac,  published  by  order 
of  the  Board  of  Admiralty,  and  intended  chiefly  for  the  use 
of  sailors  and  others  traversing  tlie  ocean.  It  was  begun  in 
the  year  1767,  by  Dr.  Maakelyne,  the  Astronomer  Royal; 
and  is  published  by  anticipation  for  several  years  before- 
hand, fur  the  convenience  of  ships  going  out  Upon  long  voy- 
ages. This  work  has  been  found  eminently  important  in  the 
late  voyages  of  discovery  made  round  the  world,  and  Ibr  bari- 
gatiou  generally,  inufimuch  as  it  contains  a  copious  list  of 
astmnumical  phenomena  at  sea,  and  the  means  of  tlndiug  the 
longitude  and  other  important  matters. 
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CONVERSATION    TV. 

OP    THE    EPHEMERI9. 

Cfiarles.  Tour  eeeond  method.  Pupa,  of  tracing  the  ecliptic 
was  by  means  of  the  position  of  the  planets.  Will  you  ex- 
plain that  now  to  us  ? 

Fa.  I  will:  and  to  render  you  perfectly  qualified  for 
observing  the  stars,  I  will  devote  the  present  conversation  to 
the  purpose  of  exphiining  the  use  of  White's  Epheraeris;  a 
book  publishod  annually,  and  which  is  a  necessary  companion 
to  every  young  astronomer. 

Jii.  What  is  the  meaning  of  the  word  Epheraeris,  Papa; 
and  must  we  study  the  wholu  of  this  work  to  gain  a  know- 
ledge of  the  stars  ? 

Fa.  The  Ephemeris  comprises  many  tables  to  show  lie 
places  of  a  celestial  body  for  every  day  at  noon,  and  is  a  Greek 
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{tfniuftic)  derived  from  epi  (cm)  "  upon,"  and  hemera, 

(IfMpa)  "  a  day;"  the  plural  is  rphemerides.     And  you  muBt 

indeed  either  study  that,  or  some  other  book  of  the   saitie 

kind,  if  yon  would  proceed  in  the  best  and  moat  rational  plan. 

Itesidee,  when  you  know  the   uae  of  this  book,  wliich  you 

win,    oompletety,  with  ball'  an    hour's  attention,  you    have 

nothing  more  to  do,  to  find  the  position  of  the  planets  at  any 

*iyof  the  yeat,  than  to  turn  lo  that  day  in  the  Ephemeris, 

id  you  will  instantly   be   directed   to   those  parts  of  the 

EKvau  in  which  the  different  planets  arc  situated.     Turn 

I  the  second  page. 

Ch.  Here  the  astronomical  characters,  I  sec,  are  explained. 
/a.  The  first  twelve  are  the  representatives  of  the  signs 
into  which  the  circle  of  the  ecliptic  is  divided,  called  also  the 
twelve  signs  of  the  Zodiac, 


V 

Aries, 

SI  Leo. 

f    Sagittarius. 

a 

Taurus. 

TV  Virgo. 

Ig>  Capricorn. 

Gemini, 

^  Libra. 

ir  Aquarius. 

ss 

Cancer. 

Ill  Scorpio. 

X  Pi.«. 

circle  is  supposed  to  be  divided  into  3€0  parts,  called 
d  since  that  of  the  ecliptic  is  also  divided  into  12 
each  sign  must  contain  30  degrees.  Astrononiera 
ibdivide  each  degree  into  60  minutes,  and  each  minute  into 
seconds,  which  are  abbreviated  thus,  °  — '  — ■  "  ;  bo  thaf 
to  express  an  angle  of  25  degrees,  1 1  minutes,  and  45  seconds, 
we  shcrald  write  25" — 11'  —  45".  To  express  the  situa- 
tion of  the  sun  ibr  the  first  of  January,  1822,  which,  by 
looking  into  the  Ephemeris,  ia  found  to  be  in  Capricorn,  we 
should  write  >f  10°  35'  48". 

Ja.  What  do  yoti  mean  by  the  Zodiac? 
Fa,  It  is  a  broad  circle,  or  belt,  surrounding  the  heavens, 
flboat  sixteen  degrees  wide,  along  the  middle  of  which  runs 
me  ecliptic.  The  term  Zodiac  is  derived  irom  the  Greek 
■rord  Zodion  (Zufiov)  "  a  small  animal,"  because  each  of  the 
mrdye  eigns  was  formerly  designated  by  some  animal  :  that 
Wiich  we  now  call  Libra  being,  by  the  ancients,  reckoned  a 
part  of  Scorpio,  the  Scorpion, 

Ja,  Why  are  the  signs  of  the  Zodiac  called  by  the  several 
of  Aries,  Taurus,  Leo,  &c.  'i     I  see  do  likeneaa  in  the 


tw 

hMTOM  to  Burn,  or  BdUb,  or  Lkhh,  which  are  the  Engliah 
mMningB  of  thoee  lAtin  wwdi. 

Fa.  Nor  do  I.  Neverthekes,  the  ancMBits  nir,  bj  the 
hdp  of  ft  strong  fanagiiiaticMi,  ■  siimUri^  in  the  oatlines  of 
those  «niinaU  and  l£e  bonndftriee  whioh  certain  groups  of 
stftTs  assnmed  in  the  heavuis,  and  gare  tbem  these  namea, 
which  have  continued  to  thii  daj. 

<A.  F«rhape  tbeae  were  originally  invented  in  the  eame 
way  as  we  sometimes  figoie  to  our  imagination  the  appear- 
anees  of  men,  beasts,  ships,  trees,  ftc,  in  the  fljing  clouds,  of 
in  the  fire. 

Fa.  They  mi^t  poesiblj  hsTe  no  better  authority  for 
tbcir  orig:in,  but  some  autbi»^  affirm  that  these  constellations 
were  invented  in  E^ypt  at  some  very  remote  period,  and 
that  they  had  a  reference  to  the  divisiMta  of  the  seasons,  and 
the  agriculture  of  that  country  at  the  time  of  their  invenlion. 
Sir  William  Jones  ascribes  the  invention  to  Anaximander, 
about  560  B.c.t  and  remarks,  also,  that  it  had  been  known  to 
the  Hindoos  from  time  immanorial.  However,  be  that  as  it 
may,  it  will  be  useful  for  you  to  retain  the  names  of  the 
twelve  signs  in  your  memory,  as  well  as  the  order  in  which 
tbe^  stand.  I  will  therefore  repeat  some  lines  written  by 
Dr.  Watta,  by  means  of  which  their  English  names  and  order 
may  easily  be  mnembered. 

Tbe  SiiH,  the  Bun,  the  hecrtnlr  TWw, 
And.  aut  tb*  Cnt.  O*  Un  lUaa*. 

Tb*  firgia  mi  the  StuJH; 
The  Swtyinn.  Artier,  mud  SeA-CBOl, 
Th«  Han  that  boldi  the  mlnniv  pot. 
Ana  rM  with  KltttarlBg  talla. 

d.  We  come  now  to  the  characteristic  marks  placed  be 
fore  the  planets. 

Fa.  These  characters,  like  the  former,  are  but  a  kind  of 
short7hand,  and,  when  remembered,  are  more  readily 
written  than  the  names  themselves  of  the  planets.  They  are 
as  follow: 


«  Ho>d>eI,<i 

»  TInEutli. 

i   Cem. 

CriLiai. 

O  The  Spn. 

«   Pallu. 

^   Saturn. 

?   Venus. 

S  Juno. 

U  Jnpiter. 

S   Mereiijr. 

6  VaU. 

i   Il» 

>.  Tie  Moon. 

Ill 

With  the  otlier  characters  you  have  no  need  to  trouhle  your> 
sdrts  till  you  come  to  caJcnUte  eclip§e«  and  eonstnict  astro- 
DODiical  tables;  a  labour  which  jou  may  defer  Ibr  some  years 
to  wme.     Now  turn  to  the  etgiith  page  of  the  Ephemeria. 

Ja.  Bare  we  no  eoneem  with  the  pages  of  the  Ephemeria 
between  the  second  and  eighth  ? 

fa.  'Hiey  do  not  contain  anything  that  requires  explana- 

^  In  the  eighth  page,  ailer  the  common  almanac  for 

lonary,  the  two  first  columns  point  out  the  exact  time  of 

e  son's  rising  and  setting  at  London:  thus,  on  the  10th  day 

if  Janasry  he  ri^es  at  fifty-eight  minutes  atW  seven  in  the 

oinutes  past  lour  in  the  oftemotin. 

e  thiird  column  gives  the  deeHnation  of  the  sun. 

f  Jo.  What  is  meant  by  deeHnaHon,  Pitpa? 

?  Fa.  The  deeliitalion  of  the  sun,  or  of  any  heavenly  body, 

■  Its  distance  from  the  imaginary  circle  in  the  heavens  called 

t  equitioetial.     Thns  you  observe  that  the  sun's  declination 

I  the    1st  of  Janttary  is  23°  -3'  South;  or,  it  is  so  many 

9  South  of  the  imaginary   eqiiafor.     Turn   to  March, 

1822,  and  you  will  see  that  between  the  20tb  and  21st  days 

it  b  in  the  equator;  for.  at  noon  on  the  20th  it  is  only  16' 

South,  and  at  the  same  hour  on  the  2l8t  it  is  8'  North  of 

that  tine:  and  when  it  ia  in  the  eqaator,  it  has  then  no  decli- 

Ch.  Do  astronomers  always  reckon   from    12  o'clock  at 

Fa.  They  do;  and  hence  the  astronomical  day  begins 
12  hours  later  than  according  to  common  reckoning:  so  that 
the  declination,  longitude,  latitude,  8ic.,  of  the  sun.  moon,  and 
planets,  are  always  put  down  for  1 2  o'clock  at  noon  of  the  day 
Jo  which  they  are  opposite.  Thus  the  aun's  declination  for 
the  nth  of  January  at  12  o'clock  is  20°  48'  liouth. 

Ol,  Is  that  becanse  it  is  the  commeuoemciit  of  the  astro- 
nomical day,  commonly  called  noon? 

Fa.  It  is.     The  next  three  columns  contain  the  moon's 
ileclination,  the  time  of  her  rising  and  setting,  and  the  time 
of  her  southing.,  that  is,  when  she  comes  to  the  meridian,  or 
■  SoDth  part  of  the  heavens. 

,  Dues  she  not  come  to  the  South  at  noon,  as  well  aa 
in? 
tWti.  No;  the  moot)  never  comes  to  the  meridian  at  the 
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same  time  as  the  sun,  except  at  the  time  of  new  moon,  which 
takes  place  at  every  new  moon,  as  you  may  see  by  casting 
your  eye  down  the  several  columns  in  the  Ephemeris  which 
relate  to  the  moon's  southing. 

•/a.  What  is  implied  in  the  column  by  the  words  '^  clock 
before  the  sun,*'  and  ^*  clock  after  tke  sun  f* 

Fa.  A  full  explanation  of  that  must  be  deferred  till  we 
come  to  speak  of  the  equation  of  time:  at  present  it  will  be 
sufficient  for  you  to  know  that  if  you  are  in  possession  of  a 
very  accurate  and  well-regulated  dock,  and  also  of  an  excel- 
lent sun-dial,  they  will  be  together  only  Tour  days  in  a  year. 
Now,  this  seventh  column  in  the  Ephemeris  points  out  how 
much  the  clock  is  before  the  sun,  or  the  sun  before  the  clock, 
for  every  day.  On  Ttoelftk-day,  1822,  for  instance,  the 
dock  is  faster  than  the  sun  by  6'  and  7":  but  if  you  turn  to 
Maiff-day,  you  will  find  that  the  clock  is  3'  2"  slower  than 
the  sun.  The  time  exhibited  by  the  sun-dial  is  called  Solar 
or  true  time,  and  that  of  a  well-regulated  watch  or  dock, 
mean  time. 

Ja,  On  what  days  in  the  year  are  the  dock  and  sun-dial 
together? 

Fa,  About  the  1 6th  of  April;  the  16th  of  June;  the  Ist 
of  September;  and  Christmas-day. 

Ch,  By  this  table,  then,  we  may  regulate  our  docks  and 
watches. 

Ja.  In  what  manner,  Charles? 

Ch.  Examine,  on  any  particular  day,  the  clock  or  watch, 
and  the  sun-dial  at  the  same  time;  say  12  o'clock;  and  ob- 
serve whether  the  difference  between  them  answers  to  the 
difference  set  down  in  the  table,  opposite  to  the  day  of  obser- 
vation. Thus,  on  the  12th  of  March,  1822,  the  clock  did  not 
show  true  time,  unless  it  was  10'  3"  before  the  dial;  or 
when  the  dial  marks  12  o*clock,  it  must  have  been  W  Z' 
past  12  by  the  clock  or  watch. 

Fa.  Perfectly  correct ;  let  us  now  proceed  to  the  next 
page.  The  first  three  short  columns,  relating  only  to  the 
duration  of  day-light  and  twilight,  require  no  explanation: 
the  fourth  we  shall  pass  over  for  the  present;  and  the  re- 
maining five  give  the  latitude  of  the  planets. 
Ja.  What  do  you  mean  by  the  latitude.  Papa  ? 
F€^  The  latitude  of  any  heavenly  body  is  its  distance  frcni 
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c  nortli  or  south.     The  latitude  of  Venut,  on  New- 
iay,  1822,  was  1°  r  South. 

'Tken  the  latitude  of  heavenly  bodies  has  the  sanie  re- 
0  the  eeliptic,  as  declination  has  to  the  equator? 
.  Ithae. 
t  Jo,  Bat  I  do  not  eee  bdj  table  of  the  sun's  latitude. 

Fa.  I  dare  say  your  brother  cau  give  you  a  reuaoo  for 

CU.  As  the  latitude  of  a  heavenly  body  is  its  ditlance  from 
'e  ecliptic,  and  as  the  sun  is  always  ia  the  ei'liptii;,  he  can 
Ci'dfbre  have  no  httituda. 
>  Fa.  Th«  tnfigitade  of  tlie  sun  and  planets  is  the  only  tiling 
■  iJiifl  pftge  tl>at  reniuns  to  be  explained.  The  lon{:itude  of 
iTenly  body  is  its  distance  from  the  f^vt-t  point  of  the  sign 
'  '  's  measured  on  the  ecliptic.  It  is  usual,  how- 
ner,  AS  you  ubsei^e  in  the  Epliemeris,  to  express  the  longi- 
tude of  a  heavenly  body  by  the  degree  of  the  sign  in  wliich 
h  is.  In  this  way  tlio  eun's  longitude  on  the  1st  of  January, 
lt(22,  was  in  Capricorn,  10°  35'  4S'';  that  of  the  moon  in 
Aries,  I '"  44' ;  and  so  on. 

Ck.  There  are  some  short  columns  at  the  bottom  of  the 
fbrmer  page  that  you  have  omitted,  and  liliewise  one  of  the 
moon's  parallax;  whutdo  they  mesnr 

Fa,  The  use  of  these  will  be  better  underatood  when  we 
eome  to  converse  respecting  the  moon  and  planets.  Helio- 
eenirie  longitude,  also,  I  will  explain  by  and  by,' 
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ame  with  the  jun?  — How  often  lioM* 

Un    brtvtoi?— 01'  nh.l  UK  \a  ilie 

trell  rrriUted  clock  uid  the  iTin  by  tlH 

dill  thow  the  ume  titne?  — Whil  im 

1M*  »»rt  n«ni«  of  the  twelve  liiilu  of 

the  tour  dir>  In  the  feur  when  the 

(«■  Zodiw  1  —Whit  <*  th.  Zodi«.  ana 

clock  ind  dill  are  tofietlier?  —  Onyoo 

in  KhHic*  1*  the  una  denri'dv  — 

HfLl  me  how  lo  regniiM  mj  witch  on 

IImI  Dr.  WiltiTe  lino  [n  wliieh  the 

■u>y  •).,  by  >neu<  c(  i  good  dlit  ind 

tlie  Ubie  coDtilDed  In  U)e  EplicDienK? 

Ed  drmir  the  chuncler  beltHIRtiiii  Id 

Iienenlj'  bodjl'  — To  whM  don  the 

iHlIude  of  lieivenly  bodiei  rafert— 

EiUotior*  he»etUr  bodjP-Whfn 

Un.  the  ion  any  litilnde.  IPrt  if  nol. 

wh«  It  the  r™oo  ?-  Whili-ihelon- 

a*  to  the  meridlui  il 


•  See  Counrutlon  ^X. 
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CONVERSATION   V. 

•     OF  THE  90LAE  SYSTEM. 

Father.  IftinSL  nowproceed  to  tiie  description  of  die 
SysienL 

Ja.  Of  what  does  that  consist.  Papa  ? 

Fa.  It  consists  of  the  son  and  planets,  with  their 
lites  or  moons.     It  is  called  the  Solar  System^  from  iSb^i 
son,  because  the  sun  is  supposed  to  be  fixed  in  the 
while  the  planets,  of  which  our  earth  is  one,  revolve  round 
at  different  distances. 

Ch.  But  are  there  not  some  people  who  believe  that 
sun  goes  round  the  earth? 

Fa.  Yes;  it  is  an  opinion  embraced  bj  the  generili^ri 
persons  not  accustomed  to  reason  on  these  subjects.     It 
adopted  bj  Ptolemj,  who  supposed  the  earth  to  be 
at  re&t,  and  the  sun,  planets,  and  fixed  stars  to  revolve 
it  every  twenty-four  hours. 

Ja.  And  is  not  that  the  most  natural  supposition? 

Fa.  If  the  sun  and  stars  were,  in  compariscm  with  Ail 
earth,  but  small  bodies,  and  were  situated  at  no  very  grM^l 
distance  from  it,  tiien  the  system  maintained  by  Ptolemy  vA 
Ids  followers  might  appear  the  most  probable, 

Ja.  Are  the  sun  and  stars,  then,  very  large  bodies? 

Fa.  The  sun  is  more  than  a  million  times  larger  than  tlift*: 
earth  which  we  inhabit;  and  many  of  the  fixed  stars  are  pro* 
baUy  much  larger  than  he  is. 

uk.  What  is  the  reason,  then,  that  they  appear  so  smaUF 

Fa.  This  i^pearance  is  caused  by  the  immense  distance 
there  is  between  us  and  these  bodies.  It  is  known  with  cer^ 
tainty,  that  the  sun  is  more  than  ninety-five  millions  of  mUes 
distant  from  the  earth;  and  the  nearest  fixed  star  is  probaUy 
more  than  two  hundred  thousand  times  further  frtxm  ns  than 
even  the  son  himsdf. 

€h.  But  we  ean  form  no  conception  of  such  distances. 

Fa.  We  talk  of  millions  with  as  much  ease  as  of  hundreds 
or  tens  ;  but  it  is  not,  perhaps,  possible  for  the  mind  to  form 
any  adequate  conceptions  of  such  immense  distances;  yet 
several  methods  have  been  adopted  to  assist  its  comprehen* 


^    Too  ksTCaooM  idea  rf  the  nriftoMB  with  wUcfa  k  ow- 
tan  fmeeeda  from  the  nooth  of  the  gnu. 
Ja.  I  b>Te  heard  thftt  it  fiies  »t  the  nte  of  eight  mika 

fit.  And  yoa  know  bow  muiymiiiDtes  there  are  in  k  year. 

Jit.  that  is  eanlj  asoertaiiied  by  Boltiplying  365  dajB  hj 
S4  for  dw  Biunbcr  of  boara,  ud  that  product  by  60,  for  (Ik 
■■■»lMif  ijt  mionteSi  which  wiU  amoont  to  525,600  in  a  year. 

fa.  Vow,  if  70a  divide  the  distance  of  the  nm  from  the 
earth  tj  the  nnmba  of  minutea  in  a  7«ar,  muhiplied  bj  8, 
ise  the  cannon-ball  travela  attherate  of  eight  miles  in  a  m- 
e,  yoa  will  know  bow  long  a  body  isstiing  from  the  soo  with 
Ae  vdocitT  of  »  cannon-ball  would  require  to  reach  the  earth. 

C».  If  I  divide  95,000,000  by  525,600,  multiplied  by  8, 
er  4,204,800,  the  an*wtr  will  be  man  than  22,  the  number 
of  yean  taken  ftr  the  jooraey. 

fa.  Is  it,  Uien,  probable  that  bodies  ao  la^je*  and  at  audi 
^igtaneea  from  the  earth,  sboold  revolve  round  it  every  day? 

Ca.  I  do  not  think  it  is.  Will  yoo,  Papa,  go  «a  wfth  Ae 
description  of  the  Solar  S^fftwmT 

fa.  I  wilL  According  to  this  system,  the  sun  b  in  the 
eenlR,  abont  which  the  planets  revdve  from  Wett  to  Eati, 
•ceording  to  the  order  of  the  signs  in  the  ediptic;  that  is,  if 
ft  planet  is  eeeo  in  Aries,  it  advancee  to  Tanrna,  then  to 
Gennni,  and  so  on.  ng.  t. 

Ja.  How  many 
pfaoMts  are  there  tc- 
votving  found    tfav 

Fa.  At  present 
there  bava  beeo 
tfaeovered  twenty 
tfiree.  c  ia  theaan, 
tiM  neareat  to  whids 
Mercury,  nerdlvea 
in  the  circle  a:  neit 
to  him  is  the  bean- 
tifal  pbnet  Vemmt, 
wvo  perfonna  hef 
sevolntioD  in  tb« 
aintei.tbvioMMi 


116  ASTSOKOUT. 

the  Earth,  t;  next  to  which  is  Mnn,  e;  between  the  (whit  of 
Mars  and  the  next  circle^,  denoting  the  orhit  of  Jupiter,  we 
have  fifteen  of  the  minor  or  ultra -zodiiical  planets — viz., 
Flora,  Victoria,  Ve$ta,  Mtlit,  Iris,  Htbe,  Parthenope,  Aslrtea, 
Egeria,  Irene,  Eunomia,  Juno,  Ctret,  Pallas,  and  Ui/geias 
sfler  Jupiter  comes  Saturn  in  g;  far  beyond  him  the  planet 
Uranus  perfonns  his  revolution  in  the  cin-le  A;  and  still 
further  beyond  Lira,  Ntptunt.  I  have  omitted  lo  rppresent 
several  oi'  these  planets  in  the  diagram,  to  prevent  confusion. 
Ja.  What  do  the  smaller  circles  represent  whiuh  are 
attached  to  several  of  the  first? 

Fa.  They  are  intended  to  represent  the  orbits  of  the 
■everal  saiellltea  or  moons  belonging  to  some  of  [be  planets. 
Jo.  What  do  you  menn  liy  the  orbit? 
Fa.  The  path  described  by  a  planet  in  its  motion  round 
the  sun,  or  that  of  a  moon  round  its  primary  planet,  is  called 
its  orbii;  it  is  derived  from  the  Latin  word  orbis,  a  "  circle." 
Look  to  the  orbit  of  the  earth  (Gg.  2,\  d,  and  you  will  see  a 
little  circle,  which  represents  the  orbit  around  which  our 
moon  performs  its  monthly  journey. 

Ch.  Has  not  Mercury  or  Veniu  any  moon? 
Fa.  None  have  ever  been  discovered  belonging  either  to 
Mercury,  Venus,  or  Mars.  Jupiter,  ns  you  observe  by  the 
figure,  has  four  moons ;  Saturn  has  seven :  and  Uranus 
has  six,  which,  from  want  of  room,  are  not  drawn  in  the 
engraving. 

Ch.  The  Solar  System,  then,  consislB  of  the  sun  as  a  centre, 
round  which  revolve  twenty -three  planetf.  and  eiglilren 
satellites  or  moons.  Are  tliere  no  other  bodies  belonging 
to  it? 

Fa.  Besides  these,  there  are  comets,  which  make  their 
appearance  occasionally-;  and  it  would  be  wrong  to  aHiim 
positively,  that  there  can  be  no  other  planets  lielongiiig  to 
the  Solar  System,  since,  as  I  shnll  tell  you  presently,  one  of 
those  above  enumerated  wa?  discovired  lact  ye»T  only. 

Ch.  Please  to  inform  us  why  Uranus  was  also  named  the 
Georgium  Sidus  and  Hersi&et. 

Fa.  Willingly.  The  planet  Uranut  was  discovered  by 
Dr.  Herschel,  and  it  received  his  name  in  honour  of  iis  dia- 
Goverer,  to  who^  industry  and  genius  astronojiiicitl  sciem.'e  Is 
indebted  ior  many  other  important  dJacoveries.     Dr.  licrscl 
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vu  one  of  those  extraordinary  men  who  raise  themselves 
from  rery  bumble  fiitUBtions  in  life  to  notice  and  honour. 
He  was  fortunate  in  obtaining  the  pntronnge  of  George  111,, 
Tin(ier  who*!  auspices  he  was  enabled  to  pursue  bis  studies, 
ind  bring  to  maturity  those  diaooveries  which  his  vast  mind 
iiid  rontemplated.  In  gratiiuile  lo  his  patron,  he  gave  to  the 
[ir-«ly-found  planet  the  name  of  the  Georgiiim  Sidut,  or 
fJeorgt^t  Planet;  but  the  world  considered  the  honour  of  the 
di«!overy  as  dae  to  Dr.  Merschel,  and  therefore  named  it, 
tfirr  himself,  the  planet  Htnchel.  The  name  Uramu  (the 
father  of  Saturn)  was  proposed  by  Professor  Bode  of  Berlin, 
and  is  that  by  which  this  pinnet  is  now  genei^ly  known. 

Ck,  Which  are  the  newly -discovered  planets,  by  whom 
were  they  respeciively  discovered,  and  when? 

Fa.  Ceheb  was  discovered  bj  M.  Piazti,  of  Palermo,  in 
Sicily,  on  the  1st  of  Jan.  1801.  Pallas  was  discovered  by 
Dr.  Olbers,  of  Bremen,  on  the  2Sth  of  March,  1802,  who  also 
diicorered  Vesta,  on  the  29th  of  ^arch,  1807;  Jdno  was 
discovered  by  Prof.  Harding,  of  Lilicnthal,  near  Bremen,  on 
the  let  of  Sept.  1x04  ;  Astssa  and  Hebe,  by  Prof.  Hencke, 
on  the  8th  of  December,  I84S,  and  lat  of  July,  1»47, 
respectively;  Nkptdnk,  by  Mr.  Adams,  M.  Leverrier,  and 
M.  Galle  conjointly;  Isis,  on  the  13th  of  Aug;.  1847,  and 
Flora,  on  the  18th  of  Oct.  1847,  by  Mr.  Hind;  Mens,  by 
Ur.  Graham,  on.  the  25th  of  April,  1848 ;  Htgeia,  by  M. 
de  Gasparis,  nn  the  12th  of  April,  1849  ;  Parteibkope,  by 
the  same,  on  the  11th  of  May,  1850;  Victoria,  by  Mr. 
Hind,  on  the  13lh  of  Sept,  1850  ;  EcEaiA,  by  M.  dtt  Gn«- 
paris,  on  the  2nd  of  Nov.,  185U  ;  Irkhe,  by  Mr.  Hind,  on 
the  19lb  of  May,  1851  ;  and  Ednouia,  by  M.  de  Gasparis, 
oathe  29th  of  July,  1S51. 

The  planets  are  pretty  readily  distinguished  from  the  fixed 
vtars,  when  attentively  watched  from  night  to  night  by  the 
jluuigea  in  their  relative  situations.     In  some  these  changes 

*;e  place  rajiidly,  in  others  much  more  slowly.  Four  of 
n — Venus,  tAxn,  Jupiter,  and   Saturn — are  remarkably 

je  and  brilliant;  another.  Mercury,  is  also  visible  to  the 
naked  eye,  but  is  seldom  conspicuous,  Uranus  is  scarcely 
'nguishablc  without  a  telescope,  and  the  others  are  invis- 
to  the  naked  eye.  All  of  them  make  tlie  entire  tour  of 
Ibe  heavens,  and,  with  the  exception  of  the  telescopic  plangta, 
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perform  ^eir  moToments  within  tb«t  «»•  of  the  hetvens 
called  the  sodiac.  It  is  highly  probable^  howeFer,  that  manj, 
if  not  all,  the  fixed  stars  are  i^  in  a  state  of  nM>t]on,  although 
too  slow  to  be  perceptible,  unless  bj  means  of  very  delicate 
obsenrations^  continned  during  a  long  series  of  years.  Hence 
the  term  fixed  stars,  in  regard  to  planets,  mast  be  reoeived  in 
a  comjparatiye,  not  absolute,  sense. 

QUSSnONS  FOB  SXAXI9ATX0N. 

Of  what  dOM  the  tolir  syttMn  oos-  How  <■  the  ron  sitntted  f—Whieh  wif 

■1st?— What  wts  the  Mjntem  of  Pto-  dotbeplenelavorekUidhowBuijars 

len7^— How Uif«  >•  the  nm^^Whf  theM^-*Wh»l  le  the  neanfaig  of  tbt 

do  the  henTealy  bodieSk  which  are  to  tern  oitAi^^Gan  70a  ezpUin  to  me 

Imnenfely  large,  appear  so  small  9 — At  the  rarioua  parte  of  flg.  9 1 — To  which 

what  distance  is  the  san  fh>m  the  «f  the  pkmets  ai«  there  eatellltee  or 

earth  ?  —  Are  the  fixed  etars  Itethw  aKMMM,  and  to  which  not? — By  whoa, 

ftom  u  thaa  the  san  ?— At  what  rata  was  this  sjrstem  first  adopted  in  ancient 

does  a  cannon  hall  proceed  from  the  and  modein  times? — Who  discorered 

aooth  of  a  gun?— How  Icof  woold  a  the  minor  planeta.  and  what  are  the 

eannoB  hall  with  the  same  Telocity  be  dates  ?--How  are  the  planeta  distlB* 

ooniBg  firom  the  iui  to  the  earth?—  folBhed  from  the  fixed  stars? 


CONVERSATION  VI. 

OV    THE    FIOUKE    OF     THS     SAKTB. 

Father.  Having,  in  my  last  conyersation,  given  you  a  de- 
scription of  the  Solar  System  in  general,  we  will  now  proceed 
to  consider  each  of  its  parts  separately,  and  since  we  are  most 
of  all  concerned  with  the  Eabth,  we  will  begin  with  that 
body. 

Ja.  You  promised  to  explain  to  us.  Papa,  why  the  earth  is 
in  the  form  of  a  globe,  and  not  a  mere  extended  plane,  as  it 
appears  to  common  observation. 

Fa,  Yes,  I  did.  Suppose,  then,  you  were  standing  by  the 
sea-shore,  on  a  level  with  the  water,  and  at  a  very  eonsiderable 
distance,  as  far  as  the  eye  could  reaeh,  you  observed  a  ship 
ai^maching:  what  ought  to  be  its  appearance,  supposing  the 
aorface  of  the  sea  to  be  a  fiat  plane? 

Ck.  We  should,  I  think,  see  the  whole  ship  at  once;  thai 
is,  the  hull  would  be  visible  as  soon  as  the  top-mast. 

Fa.  It  certainly  must,  or  indeed  rather  sooner;  because 
the  body  of  the  vessel  being  so  much  larger  than  a  slendb 
mast,  it  must  necessarily  be  visible  at  a  greater  distance. 

Ja.  Yes;  I  oan  see  the  Steele  of  a  ehuroh  at  a  mile^ 
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er  fstftBCe  than  I  can  discem  the  small  weather-cuck 
h  ia  opon  it;  and  (hat  I  can  perfectlj  see  long  before  I 
on  dcBcry  the  iron  conductor  whic^  ia  fixed  at  the  e:itreinit7 
B  rf  tbe  tower. 

Fa.  Wdl;  but  the  top-maBt  of  a  vessel  at  sea  is  alwaja 
M  little  time  before  the  hull  of  the  vessel  can  be  ilis- 
Hcw,  if  the  surface  of  the  u^a  be  globular,  thia  must 
te  ao;  bflc&nse  the  water,  partaking  of  the  rotund  etiajM.-  of  the 
Mith  between  the  vessel  and  the  eje  of  the  spectaloi',  will 
hide  tbe  bodj  of  the  ship  for  some  time  after  the  pendant  at 
li»  maat-head  ia  seen. 

CA.  In  the  same  way  as  if  any  high  building  were  situated 

!      m  oDe  mde  of  s  hill,  and  I  was  walking  on  the  opposite  «de, 

th«  upper  part  would  come  flr»t  in  sight,  and  as  I  advanced 

kwirib  the  summit,  the  other  parts  would  come  auccessively 

Fa.  Tour  illustration  ia  quite  in  point.  The  same  will  be 
experieDced  by  two  persona  walking  up  a  hill  on  oppoiiite 
adee:  thc^  will  perceire  each  other's  heads  first;  and  as  they 
adTBnce  to  the  top,  the  other  parts  of  their  bodice  will  become 
risible.  With  respect  to  the  ship,  the  following  figure  will 
CDDTejr  the  idea  Tery  completely.     Suppose  cbea  represent  a 

LFIf.  >. 
part  of  tbe  curved  surface  of  the  sea;  if  a  spectatoi 
at  a,  while  a  ship  is  at  e,  only  a  small  part  of  the  mast 
Till  be  visible  to  bim;  but  as  it  advances,  more  of  the  ship  ia 
seen,  till  it  arrives  at  e,  when  the  whole  will  be  in  sight. 

a.  When  I  stood  by  the  sea-side,  the  water  did  not  appear 
^  tne  to  be  curved. 

I  Fa.  Perhaps  not:  butitsconvexity maybediseoveredupon 

Vf  still  water,  as  upon  a  river  extending  a  mile  or  two  in 

Bgth;  for  you  might  see  a  rery  small  boat  nt  that  distance 

"  "e  Btaudiiig  upright;  but  if  you  stoop  down,  so  as  to  bring 

r  eye  near  the  water,  you  will  find  the  surface  of  it  rising 

uch  a  manner  as  to  cover  the  boat,  and  intercept  its  view 

napletely.     Another  proof  of  the  globular  figure  of  the  earth 
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is.  that  it  is  necceaarj  for  those  who  are  employed  in  cntdng. 
canals  to  make  a  certain  allowance  for  the  convexity;  since 
the  true  level  is  not  a  straight  line,  but  a  curve  which  falls 
eight  inches  below  it  in  the  mile. 

Ck.  I  have  heard  of  peo[|le  soiling  round  the  world,  which 
is  another  proof,  I  imagine,  of  the  globular  figure  of  tlie  earth. 

Fa.  It  ii  a  well-known  fact  that  navigators  have  set  out 
frtHD  a  particular  port,  and,  by.  steering  their  course  con- 
tinually westward,  have  at  length  arrived  at  the  same  place 
whence  they  first  departed.  Now,  had  the  earth  been  an  ex- 
tended plane,  the  longer  they  had  travelled,  the  further  must 
they  have  been  from  horns. 

Ch.  How  is  it  known  that  they  continued  the  same  course? 
Might  they  not  have  been  driven  round  at  sea? 

Fa,  By  means  of  the  Mariner's  Compass  (the  history,  pro- 
perties, and  uses  of  which,  I  will  explain  very  particularly  in 
a  future  part  of  our  lectures)  the  method  of  sailing  on  the 
ocean  by  one  certain  track  is  as  sure  as  travelling  on  the  high 
roail  from  London  to  York.  By  the  aid  of  this  instrument, 
Ferdinand  Magellan  made  a  voyage,  in  the  year  1519,  from 
the  western  coast  of  Spain,  continuing  westward,  till  he  ar- 
rived, after  1124  days,  at  the  same  port  whence  he  set  oaC 
The  same,  witli  respect  to  Great  Britain,  was  done  by  our 
own  countrymen,  Sir  Frauds  Drake,  Lord  Anson,  Captain 
Cook,  and  many  others. 

Ch.  Is,  then,  the  ordinary  terrestrial  globe  a  just  represen- 
tation of  the  earth? 

Fa.  It  is;  with  tliis  small  difference — that  the  artificial 
globe  is  a  perfect  sphere;  whereas  the  earth  is  a  spheroid; 
tiiat  is,  in  the  shape  of  an  orange;  the  diameter  from  />ofe  ta 
vole  being  about  37  miles  shorter  than  that  at  the  Eipiator. 

Ch.  But  do  nut  the  mountains  aflTect  the  earth's  globular 
shape? 

Fa.  What  the  earth  loses  of  its  sphericity  by  mountains 
and  valleys,  is  very  inconsiderable;  the  highest  mountain 
bearing  so  little  proportion  to  its  bulk  as  scarcely  to  be  eqai- 
valent  to  the  minutest  protuberance  on  the  surface  of  aa 
orange. 

Ja.  Was  not  the  earth  for  some  time  thought  to  be  a  ci^ 
cular  plane? 

Fa.  For  a  long  period  of  ages,  it  ws»  snppoaed  that  the 
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of  ibc  earth  wm  a  large  circular  plaae,  indeGnitelj 
niy  and  bouDded  on  all  aides  by  the  sky.  Tliis  opiniua 
ig  entertained  by  the  illiterate,  and  in  the  different 
in  the  history  ot'icience  was  believed  and  taugbt  by 
the  leam«d. 

Uureover,  all  the  proofs  we  have  here  mentioned  are  cun- 
finned  uid  illuHlrat^  by  an  eclipse  of  the  moon,  which  pre- 
ttate  tu  us  an  ocular  demonstration  of  the  earth's  rotundity. 
Ok.   Wliat  is  a  lunar  eclipse,  Fapa^' 

Fa.  A  luniir  eclipse  u  caused  by  the  intei-vention  of  the 
body  of  the  earth  between  tJie  sun  and  moon,  iii  which  ca^ 
ihr  shadow  of  the  earth  falls  upon  the  moon.  And  in  every 
edipae  of  this  kind,  wliicli  is  not  total,  the  obscure  part  alwuya 
ippears  to  be  bounded  by  a  circular  line:  the  earth  itself,  for 
that  KMSon,  mnst  be  spherical;  it  being  evident,  that  nothing 
but  a  spherical  body  can,  in  all  situations,  cast  a  circular 
shadow;  and,  as  we  have  just  remarked,  the  mountains  and 
talle^  which  diversify  ita  surface  take  little  or  nothing  from 
ita  ^Lobular  shape,  for  they  hear  no  more  proportion  to  its 
Ituile  than  the  smallest  groin  of  sand  does  t( 


^■agni 

pa 


CA.  Have  you  not  saiil  that  navigation  very  much  depends 
on  a  corrwTt  knowledge  of  the  sphericity  of  the  earth? 

Fa.  On  the  knowledge  of  this  spherical  figure  of  the  earth 
die  art  of  navigation  in  a  great  measure  depends,  and  all  the 
great  voyages  of  discovery  which  have  betn  made  were  un- 
dtataken  in  consequence  of  the  knowledge  of  this  fact.  Hud 
mankind  i-emained  unacquainted  with  this  discovery,  tlie  cir- 
cnnmavigation  of  the  globe  would  never  have  been  attempted; 
Taat  portions  of  the  habitable  world  would  have  remained  un- 
known and  unexplored;  no  regular  intercourse  would  huva 
been  maintained  between  the  various  tribes  of  the  humun 
';  and,  consequently,  the  blessings  of  divine  revelation 
Woald  never  have  been  communiciited  to  the  greater  part  of 
Gentile  world,  at  least  as  far  a.s  our  finite  reason  can 

ippose. 

Ja.  What  are  the  poles,  Papa? 

Fa.  In  tlie  artificial  globe  (tig.  4.)  there  'is  on  axis,  w  s, 
abont  which  it  turns.  The  two  extremities  or  ends  of  thia 
axil,  K  and  s,  are  called  the  poles. 

Ck,  Ib  thca«  any  axis  belonging  to  the  earth? 
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ym.  No;  bat  u  we  shall  by  and  l^  ebov  that  the  earth 
tnnu  ronnd  ouoe  in  every  24  hoore,  ao  Mtronomers  imagine 
an  axis  apon  wbkli  it  revolree  ae  upon  a  centre;  the  ex- 
tremitlH  of  irhJeh  imoginaiy  axis  are  the  poles  of  the  earth, 
of  which  N,  the  north  pole,  points  at  all  times  ezsctlj  to  p, 
the  north  pole  of-  the  heavenei  which  we  have  already  de- 
scribed (fig.  ].),  and  which  ia,  as  you  recollect,  ivitbin  two 
degrees  of  the  polar  star. 
Ja.  And  how  do  you  dOBne  the  tqwqlor  f 
Fa.  The  tquator,  ab,  is  an  imagi- 
nary dide  passing  round  the  earth, 
peipendiculBr  to  the  axis  ms,  and 
at  equal  distances  firom  the  ^fAm.     ^ 
Ck.  And  I  think  you  told  ns,  ^ 
tbat  if  we  imagined  this  circle  to 
eotend  erery  way  to  the  fixed  stars, 
it  would  forni  the  eeltsA^  tqttator-. 
Fa.  I  did.     It  is  also  called  the 
egmiitoclial ;  and  yon  most  not  for- 
get that,  in  this  case,  it  would  cut  *^'  *• 
the  circle  of  the  ecUptic  cu  in  two  points. 

Ja.  Why  is  the  ediptie  marked  on  the  terrestrial  globe,  since 
it  is  a  circle  peculiar  to  the  hearensT 

Fa.  Though  1^  eefylie  be  peculiar  to  the  heavens,  and  the 
equator  to  the  earth,  yet  they  are  both  drawn  on  the  terrea- 
trial  and  c«leetial  globes,  in  order,  among  other  things,  to  show 
the  relative  portions  of  theee  imaginary  circles. 

I  shall  now  conclude  our  present  M»versation  with  ob- 
serving that,  besides  the  proofs  adduced  of  the  globular  form 
of  the  earth,  there  are  ottiwe  equally  conclusive,  which  will 
be  better  understood  when  we  have  made  a  tittle  further 
j»ogress. 


QUESTIONS  rOB  £XAHCf ATIOIf. 
HmT  li  It  prand  that  the  nrthliof  l  — Hdwud  itbeknownwhethcTmihlp 
■globnlir  flgim,  vid  uol  >  men  plane  ?  hu  uilcd  roawl  the  eartlir  —  t*  tho 
—  ExpUln  tbli  b;  Sg.  S.  —  Wh;  do«  eirth  >  perfect  ipberc.  like  the  utUciil 
»t  tb«  ■•■  ipp^u  to  the  eye  to  be  ^otw?  —  Bownnoh  do  the  tm  diuiie- 
^ncdr  —  How  doH  the  Betttod  tcnafUMcutlidi&rftinaiMuMlHr. 
adopted  Jd  cutting  cBbHie  prove  the  itod  vhloh  ie  tht  lotigcrgfthe  two?^ 
gkbaltifliiiireof  tuccinLi'  — lathoni  Wbitm  tbintnmltlH  of  tfaeeiaWs 
■Dj other t>™>ft»**t<^       ""         '"        '      "  ■"     — 


TIIE    EARTll. 


vhMitupedldlb*    — WlMt  gRBlraulUluvvmriui 
itmrlh?—  VFbal  la     IMi  knowlodgt? —  What  proof* 

Wlut  lauott  ham  I  j«  Uut  Ite  i 

(^linloo  ?  —  Willi  I  lint  Uiv  <'HU 
-  A  iKiUr  «tlpK  ? —     ILiiMn  tliani 


CONVEESATION  VH. 

OP  THE  DICRNAt  MonoR  or  TBX  barth. 

Falkgr,  W«ll,  children,  ate  you  wti&fieii  that  the  «arth  oa 
vUcli  70a  tr«»d  is  a  gloluilar  Wdy,  and  not  a  mere  extended 
flue? 

(3.  Admitting  the  facta  which  you  mcntioneii  yesterduy; 
tix^  that  the  tnp-iDBst  of  »  ship  aA  ue&  is  always  visible  berora 
lite  body  of  the  vessel  comc«  into  eight;  tltat  navigat^irs  ))ave 
rtpeatedlj,  by  keeping  the  same  course,  sailed  round  the 
«or)di  nnd  that  persons  employed  in  digging  caoala  can  only 
aet-ulfl  their  work  with  effect  by  allowing  for  the  supposed 
globular  ehape  of  the  earlii;  it  b  evident  that  tlie  earlii  can- 
aot  be  a  mere  extended  plaike. 

Ja.  But  as  all  theoe  tacU  can  be  accounted  for  upon  the 
fappoeition  that  the  earth  is  a  globe;  you  therefore  conclude 
il  xi  a  globe.     This  is,  I  believe,  the  nnture  of  tlie  proof  ? 

Fa.  It  is.  Letua  now  advance  one  step  further,  und  eliow 
yoa  Uwt  thiii  globe  turns  on  an  imaginary  axis  every  tuonty- 
fuur  hours;  tliereby  causing  the  suceeetuon  of  <lay  and  night. 

Ja.  I  shall  be  surprised  if  you  are  able  to  atfor<lsucli  aatia- 
&ct«ry  evidence  of  the  daily  motion  of  the  etuth  aa  of  its 
globular  form. 

Fa.  I  trust,  that  the  arguments  on  this  subject  will  he  quite 
u  eoBviacing,  and  that,  before  we  part,  you  will  admit  that 
ilie  apparent  motion  of  (hi-  sun  and  stjiru  is  occasioned  by  thii 
diurnal  motion  of  tbe  earth. 

Ch.  I  shall  be  glad  to  hear  how  this  can  be  proved;  for  il, 
in  the  morning,  1  look  at  tbe  sun  rising,  it  appears  in  the 
Saet;  at  noon  it  haa  travelled  to  the  South;  and  in  the 
k'^reuing  I  see  it  eet  in  the  western  port  of  tlie  heavens. 

Ja.  Yed;  and  we  observed  the  suiue  last  night(March  the 

tt)  with  respeot  to  Antimu  t  fur,  about  eight  o'clock,  it 
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had  just  risen  in  the  north-west  part  of  the  heayens,  and  when 
we  went  to  bed,  two  hours  after,  it  had  ascended  a  con- 
siderable height  in  the  heavens,  evidently  travelling  towards 
the  West. 

Fa,  It  cannot  be  denied  that  the  heavenly  bodies  appear  to 
rise  in  the  East  and  set  in  the  West;  but  the  appearance  Yi\SL 
be  the  same  to  us,  whether  those  bodies  revolve  about  the 
earth  while  that  stands  still,  or  they  dtand  still  while  the  earth 
turns  on  its  axis  the  contrary  way. 

Ch,  Will  you  explain  this.  Papa? 

Fa,  Suppose  grch  (fig.  5.)  to  represent  the  earth,  t  the 
centre  on  which  it  turns  from  West  to  East,  according  to  the 
order  of  the  letters  grch.  If  a  spectator,  on  the  surface  of 
the  earth  at  r,  see  a  star  at  A,  it  will  appear  to  him  to  have 
just  risen.  If,  now,  the  earth  be  supposed  to  turn  on  its  axis 
a  fourth  part  of  a  revolution,  the  spectator  will  be  carried 
from  r  to  c,  and  the  star  will  be  then  just  over  his  head. 
When  another  fourth  part  of  the  revolution  is  completed,  the 
spectator  will  be  at  h ;  and  to  him  the  star  at  h  will  be 
setting,  and  will  not  be  visible  again  till  he  arrives,  by  the 
rotation  of  the  earth,  at  the  station  r. 

Ch,  To  the  spectator,  then,  at  r,  the  appearance  would  be 
the  same,  whether  he  turned  with  the  earth  into  the  situation 
6,  or  the  star  at  h  had  described,  in  a  contrary  direction,  the 
space  hzova.  the  same  time. 

Fa,  It  certainly  would. 

Ja,  But  if  the  earth  really  turned  on  its  axis,  should  we 
not  perceive  the  motion? 

Fa.  The  earth,  in  its  diurnal  rotation,  being  subject  to  no 
impediments  by  resisting  obstacles,  its  motion  cannot  affect 
the  senses.  In  the  same  way  ships  on  a  smooth  sea  arc  fre- 
quently turned  entirely  round  by  the  tide,  without  the  know- 
ledge of  those  persons  who  happen  to  be  busy  in  the  cabin  or 
between  the  decks. 

Ch,  That  is  because  they  pay  no  attention  to  any  other 
object  but  to  those  about  the  vessel  in  which  they  are;  and 
©very  part  of  which  moves  with  themselves. 

Ja,  But  if,  while  the  ship  is  turning  without  their  know- 
ledge, they  happen  to  be  looking  at  fixed  distant  objects,  what 
will  be  the  appearance? 

Fa.  To  tliKun  those  objects  which  are  at  rest  will  appear  to 
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k  tBmiDg  round  the  coDtnuy  way.  In  the  same  manner  wP 
m  licMved  in  tbe  rocitkin  d'  the  earth  round  its  axis;  tor  if 
»F  tRMMl  to  Ddtbing  but  wliat  is  connected  wiih  the  earth, 
■sr  taanot  perc^Te  a  motion  of  wliich  we  partake  our»ielves; 
t-'A  H  we  fix  OQr  ejes  on  the  henvenly  bodies,  tbr  motion  of 
■-<!'  «vlh  being  so  easy,  they  wilt  appear  to  be  turning  in  a 
rvoatrj  direction  to  the  real  motion  of  the  earth. 

Ck.   I  Iwve  soroetimea  seen  a  sky-lBrk  hovering  a: 
trnr  a  particular  field  fur  si^ventl  minutes  togeiher:  i 
onh  ia  continually  in  mution  while  the  bird  i 
Mme  part  of  the  air,  why  ilo  we  not  see  the  fielil,  ( 
k first  ascended,  pass  from  under  him? 

Fa,  Because  the  alm(ia[)iicre,  in  which  tlie  lurk  is  sus- 
ptaded,  is  connected  with  the  earth,  partakt-s  of  its  motion, 
u>l  carries  the  brk  ulong  with  it;  and,  therefore,  iiidepcn- 
Jmtly  of  the  motion  given  to  the  bird  by  the  exertion  of  its 
vinga.  it  has  aiwther,  in  coromoTi  with  the  earth,  yourself, 
uul  all  things  on  it:  and.  thus  being  common  to  ub  all,  we 
biTC  no  means  itf  as<-ertniniug  it  by  the  acnsea.  The  rotation 
of  the  earth  on  its  axis,  the  smoothness  of  its  motion,  and  its 
«lfecl  on  tbe  atmosphere,  are  described  by  Milton  in  three 

B  Tliat  ipinnlng  ileeiM 


ind  singing 
.w,  if  the 


r  which 


^T  Ja.  Though  the  motion  of  a  ship  cannot  be  observed 
without  objects  at  rest  to  compare  with  it,  yet  I  cannot  help 
Ifiinkiiig  that  it'  the  eitrth  moved  we  should  be  able  to  dis- 
Qivf  r  it  by  means  of  tlie  stars,  if  they  are  fixed. 

Fa.  Do  you  not  remember  once  sailing  very  swiftly  on  the 
river,  when  yon  told  me  that  you  thought  all  tlie  trues,  houses, 
iu.  on  its  banks  were  in  motion? 

Ja.  I  now  reinillcct  it  well;  and  I  liad  some  difficulty  in 
)ersuAiling  myself  that  it  wax  not  so. 

.  Ch.  This  brings  to  my  mind  a  stiH  stronger  di>c(  ption  of 
b  sort.  Wlien  travelling  witli  great  speed  on  u  i-ailroad,  or 
I  a  rosich,  I  can  scarci-Iy  help  thinking,  but  that  tlie  trees 
I  hedges  are  running  away  from  us,  and  not  we  froni  tjietn. 
C^«).  I  wiil  mentiun'imother  curious  instance  of  this  kind. 
Tyott  ever  happen  to  travel  ratlier  swiftly  on  a  railway,  by 
A  aide  of  a  tiehl  ploughed  into  long  narrow  ridges,  which 
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lure  perpendicular  to  the  ndlfl,  yott  will  think  that  all  the 
ridges  are  taming  round  in  a  direction  oontrarj  to  that  of  the 
carriage.  These  ftcta  may  satisfy  jou  that  the  appear^ 
ances  will  be  precisely  the  same  to  us,  whether  the  earth 
torn  on  its  axis  fin»n  West  to  East,  or  the  sun  and  stars 
move  from  East  to  West 
•To.  They  do  so:  but  wldeh  is  the  most  natural  conclusion? 
A.  This  you  shall  determine  for  yourself.  If  the  earth 
{fig.  4.)  turns  on  its  axis  in  24  hours,  at  what  rate  will  any 
part  of  the  equator  ab  move? 

Ck.  To  determine  this  we  must  find  the  measure  of  its 
drcomference,  and  then  dividing  this  by  24,  we  shall  get  the 
number  of  miles  passed  through  in  an  hour. 

Fa.  Just  so.  Now,  call  &e  semi-diameter  of  the  earth 
4000  miles,  which  is  rwther  more  than  the  true  measure. 

Ja.  Multiplying  this  by  dl*  will  give  24,000  mil^  for  the 
circumference  of  ti^e  earth  at  the  equator;  and  this  divided 
by  24  gives  1000  miles  for  the  space  passed  through  in  an 
hour  on  that  line. 

!Fa.  You  are  right.  Now  the  sun,  I  have  already  told  you, 
is  95  millions  of  miles  distant  from  the  earth.  Tell  me^ 
therefore,  Charles,  at  what  rate  that  body  must  travel  to  go 
round  the  earth  in  24  hours. 

Ch,  I  will:  95  millions  multiplied  by  six,  will  give  570 
millions  of  miles  for  the  length  of  his  circuit:  this  divided  by 
24  gives  nearly  24  millions  of  miles  for  the  space  he  must 
travel  in  an  hour  to  go  round  the  earth  in  a  day. 

Fa,  Which,  now,  is  the  more  probable  conclusion— either 
that  the  earth  should  have  a  diurnal  motion  on  its  axis  of 
1000  miles  in  an  hour,  or  that  the  sun,  which  is  a  million  of 
times  larger  than  the  earth,  should  travel  24  millions  of  miles 
in  the  same  time? 

Ja.  It  is  certainly  more  rational  to  conclude  that  the  earth 
turns  on  its  axis;  the  effect  of  which,  you  told  us,  was  the 
alternate  succession  of  day  and  night. 

•  To  be  ftomnite  in  th«  oaieslAtloii,  tin  Bieta  ndlw  of  the  etrth  mast  b* 
token  at  S964  milee ;  end  thle  nittlti|»U«d  by  6,38318,  will  give  34,907  mile§  for  the 
oircumrcreiicc.  Through  the  remainder  of  this  work,  the  decimals  in  mnltipUen* 
tion  are  omitted,  in  order  that  the  mind  maj  not  tie  burdened  with  fraetione. 
II  seeDed  neoessarjr,  however,  in  tUa  pUwe  to  gire  the  tme  semi-diameter  of  the 
earth,  and  the  number  (aooarata  to  flTe  plaoei  of  decimals)  by  irti'oh,  if  tha 
radios  of  any  circle  be  moltipUed,  the  droomftitiiMSt  obtained. 
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A.  I  did.  Haring  myw  formed  aome  notion  of  the  manner 
h  which  the  earth  moves,  we  shall  easily  conceive  the 
notions  of  all  the  rest  €i  the  planets,  and  bj  that  means 
obtam  a  complete  idea  of  the  order  and  economy  of  the  whole 
"'rrsTEM.*  And  in  order  to  comprehend  this  readilj, 
Bothing  mote  is  necessary  than  to  consider  the  common  ap- 
pearaoces  of  the  heavens,  which  are  constantly  presented  to 
oar  view,  and  attend  to  the  results. 

Besides  this  motion  of  the  earth,  which  is  called  its  daily 
motion^  which  is  the  cause  of  day  and  night,  it  has  another, 
odled  its  annual  or  yearly  motion,  which  occasions  the  varipus 
Tieissitndes  of  the  seasons;  viz.  trtnler,  spring^  sumtmer,  and 
OKteiitN.  And  the  proofs  of  this  second  motion  may  be  easily 
gathered  from  celestial  appearances,  in  nearly  the  same 
manner  as  the  former.  On  this  and  some  other  points  con- 
nected with  the  subject,  we  will  enlarge  in  our  next  conrer- 
Bstion. 

QUESTIONS  FOB  EXAMINATION. 
Bepeat  the  flicts  adduced  In  proof 


if  tlw  glolwlar  Aape  of  the  earth.  — 
Baa  ihe  aaith  aiay  moCkm  of  ita.own ? 
—  What  are  the  natnnl  appeanmcee 
vHh  refard  to  the  hearcBly  bodiea  ?-^ 
Gbb  yon  bjff.  i,  ahow  bm  that  the  ap- 
will  he  the  same  to  xu  whe- 
tboae  bodies  rerolTe  round  the 
«r  tlie  earth  tnrn  about  on  its 
asds  ?  —  Whj  do  we  not  peroeiTe  the 
Motion  of  the  earth  ?— What  will  be 
the  appearance  6f  distant  ottfeclii  to  a 
itaadiBf  tai  a  ship  while  Iha 
is  tuning  about? — Why  does 


Bot  a  partiealar  spot  of  the  earth  ap- 
pear to  move  tkam  undo*  a  lark  whidi 
k  apparently  stationary  Ih  the  air,  or 
nearly  soP — What  are  Hilton's  lines 
on  the  motion  of  the  earth  ? — Do  you 
reoollect  any  deceptions  in  the  sight 
with  regard  to  moving  ottfeets  ?  —  With 
what  vdodty  does  the  equator  aoove  in 
the  diumal  motion  of  the  earth  ?_  If 
the  sun  goes  round  the  earth  in  34  hoars, 
at  what  rate  must  he  travel? —  What 
is  the  f/ttd  of  the  earth's  tuning  on 
its  axis? 


CONVERSATION  VIIL 


OF  DAY   AND   NIGHT. 

James,  You  are  now.  Papa,  going  to  apply 
the  rotation  of  the  earth  about  its  axis  to  the 
Boooession  of  day  and  night,  are  you  not? 

Fa.  Yes;  and  for  this  purpose,  suppose 
ffrcb  to  be  the  earth,  revolving  on  its  axis, 
•oeording  to  the  order  of  the  letters;  that  is, 
from  ^  to  r,  r  to  c,  &c.     If  the  sun  be  fixed 


1^1^ 
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in  the  heATcns  at  z,  and  *  line,  ho  be  dnwn  through  the 
centre  of  the  earth  t,  it  will  represent  that  circle,  which, 
when  extended  to  the  heaventi,  is  called  the  rational  horizon. 

Ch,  Id  what  does  thia  differ  from  the  temi&le  horizon  1 

Fa.  The  sentibU  horizon  is  that  cirale  in  the  heareni 
which  bounds  the  spectator's  view,  and  which  is  greater  or 
less  according  to  his  relative  positioa.  For  example: — an  ejo 
placed  tXfivt  feet  above  the  surface  of  the  earth,  sees  22  miles 
every  way:  but  if  it  be  at  20  feet  high,  that  is,  4  times  th 
height,  it  will  see  5^  miles,  or  twice  the  distance. 

CH.  Then  the  lentibU  horizon  differs  from  the  rational  in 
this;  that  the /ormer  is  seen  from  the  surface  of  the  earth, 
and  the  latter  is  supposed  to  be  viewed  from  its  centre. 

Fa.  You  are  right:  and  the  rising  and  setting  of  the  sun 
and  stars  are  always  referred  to  the  rational  horizon. 

Ja.  Why  80?  They  appear  to  rise  and  set  as  soon  as  they 
get  above,  or  sink  below,  that  Iioundary  whieh  separates  the 
visible  from  the  invisible  part  of  the  heavens. 

Fa.  They  do  not,  however:  and  the  reason  is  thia;  that 
the  distance  of  the  sun  and  fixed  stars  is  so  great  in  com- 
parison of  4000  miles,  (the  difference  between  the  surface  and 
centre  of  the  earth,)  that  it  can  scarcely  be  taken  into  account. 

Ck.  But  4000  miles  seem  to  me  an  immense  apace. 

Fa.  Considered  individually  it  is  so;  but  when  compared 
with  95  millions  of  miles,  the  distance  of  the  sun  from  the 
earth,  the  distance  is  comparativfly  nothing. 

Ja.  But  do  the  rising  and  setting  of  the  moon,  which  is  at 
the  distance  of  240  thousand  miles,  have  respect  also  to  the 
rational  horizon? 

Fa.  Certainly:  for  4000  compared  with  240  thousand, 
bear  only  the  proportion  of  1  to  60.  Now,  if  two  spaces 
were  marked  out  on  the  earth  in  different  directions,  the  one 
60  and  the  other  61  yards,  should  you  at  once  be  able  to  dis- 
tinguish the  greater  from  the  less? 

Ch.  I  think  not 

Fa.  Just  in  the  same  manner  does  the  distance  of  the 
centre  from  the  surface  of  the  earth  vanish  in  comparison  uf 
its  distance  from  the  moon,  with  a  slight  exception,  which 
we  shall  explain  hereafter. 

Ja.  We  mnst  not,  however,  forget  the  succession  of  Axf 
«nd  night. 


I      lad 


fa.  Wen,  then;  if  the  pud  be  iupposed  at  z,  it  will  illumi- 
He  br  its  rays  all  th»t  pari  of  the  eanh  that  is  above  the 
larimn,  ko:  to  the  inhabiunta  at  g,  its  weiteni  boundarj-,  it 
wiO  appew  just  riaiiig:  to  those  ailuated  at  r,  it  will  be  noon ; 

■        ■         '     "' part  of  the  horizon,  c,  it  will  be 

flfc,  I  see  dearly  why  it  should  be  noon  to  those  ivho  liye 
IX  r,  beouiae  the  sun  is  just  over  their  lienda;  but  it  is  not  ao 
cndent  that  the  sun  must  appear  rising  and  si-tting  to  thoae 
1^  are  at  g  and  c. 

Fa.  Tod  are  satiafted  tliat  a  spectator  ennnot,   from  any 


fho^  observe  ir 


e  than  a 


li-cirde  of  the  henvei 


Kow  wliat  part  of  the  heavens  will  tlie  spectator 
ay  observe? 

Jk.   He  will  see  the  com-ave  hemisphere  ton. 

Fa.  The  boundary  to  iiis  view-  will  be  n  and  z  .-  will  it  not? 

Ck,  Yes;  and  conaequcntly  the  sun  at  s  will  to  him  be 
joH  coming  into  sight. 

Fa.  Then,  by  the  rotation  of  the  earth,  the  spectator  at  g 
vQl  io  a  few  hours  come  to  r,  when,  to  him,  it  will  be  noon; 
uhI  those  who  lire  at  r  will  have  descended  to  c.     Now* 
what  l>art  of  the  heavens  will  they  see  in  this  situation? 
I  Ja.   The  concave  hemisphere  nhx:  and  z  being  the  boun- 

y  of  their  view  one  way,  the  sun  will  to  them  be  setting. 
\  jFo.  Just  so.  After  which  they  will  be  turned  away  from 
"  e  son,  and  consequently  it  will  be  night  to  them  till  they 

me  again  to  g.  Thus,  by  this  simple  motion  of  tlie  earth 
lt»  axis,  every  part  of  it  by  turns  is  enlightened  and 
mcd  by  the  cheering  beams  of  the  sun. 
_  "  Ch.  Then  I  perceive  that  as  the  sun  retires  in  the  even- 
ing, his  light  gently  fades  away  in  the  west,  and  night  suc- 
ceeds willi  all  her  myriads  of  stars.  If  we  follow  the  course 
of  the  stars,  we  see  them  also  rising  in  the  east,  and  moving 
in  regular  succession  across  the  heavens  to  the  west,  where, 
one  by  one,  they  set  and  disappear.  This  solemn  proces- 
noo  continues  for  several  hours,  till  at  length  the  morning 
light  again  begins  to  dawn,  and  another  day  succeeds.  Thus  all 

r  heavenly  bodies  appear  to  our  senses  to  move  reguLirly 
nd  the  earth  once  in  24  houra.  Tlus,  however,  is  only  in 
earance,  lor  in  reality  the  sun  and  stars  are  stationary, 
day  and  night  are  caused  \>y  the  revolution  of  the  earth 
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roond  ber  own  axis,  once  in  24  lioai8»  as-  before  explained. 
Does  this  nnytion  of  the  earth  acooont  also  for  the  apparent 
motion  of  the  fixed  stars? 

Fa.  It  is  owing  to  the  revolution  of  the  earth  round  its 
axis  that  we  imagine  that  the  whole  stany  firmament  re- 
volves about  the  earth  in  24  hours. 

Ja.  If  the  heavens  appear  to  turn  on  an  axis,  must  there 
not  be  two  points;  namely,  the  extremities  of  that  imaginary 
axis»  which  always  keep  their  position? 

Fa,  Yes;  we  must  be  understood  to  except  the  two  celes- 
tial poies,  which  are  opposite  to  the  poles  of  the  earth ;  con- 
sequently, each  fixed  star  appears  to  describe  a  greater  or  a 
smaller  circle  rocmd  these,  according  to  its  distance  from  those 
celestial  poles.  This  motion  of  the  earth  may  be  familiarly 
illustrated  by  passing  a  wire  i(X  an  axis  through  an  orange, 
or  any  round  body;  then  hold  it  before  a  lamp,  so  that  the 
light  may  shine  equally  on  both  poles  at  once.  The  side  to- 
wards the  lamp  will  represent  day,  the  other,  being  in  the 
shadow  of  its  own  body,  will  represent  night. 

If  the  globe  or  orange  be  turned  round  on  its  axis,  it  will 
be  seen  tliat  one  part  of  the  surface  is  constantly  passing  out 
of  its  own  shadow  into  the  light,  which  represents  morning, 
or  the  rising  of  the  sun;  the  opposite  side,  as  it  passes  out  of 
the  light  into  the  dark  part,  represents  evening,  or  the  setting 
of  the  sun.  By  this  explanation  it  is  readily  shown  why  the 
iieavenly  bodies  appear  to  move  round  the  earth,  rather  than 
<the  earth's  turning  on  its  own  axis. 

C%.  When  we  turn  iirom  that  hemisphere  in  which  the  sun 
is  placed,  do  we  immediately  gain  sight  of  the  other,  in  which 
the  stars  are  situated? 

Fa,  Every  part  of  the  heavens  is  beautified  with  these 
glorious  bodies,  both  the  hemisphere  where  the  sun  is,  and 
"diot  where  he  is  not. 

Jo.  If  every  part  of  the  heavens  be  thus  adorned,  why  do 
we  not  see  iStxsoi  in  the  day  time  as  well  as  in  the  night? 

Fa.  Because,  in  the  day  time,  the  sun's  rays  are  so  power- 
ful, as  to  render  those  coming  firom  the  fixed  stars  invisible. 
But  if  you  ever  happen  to  go  down  into  any  very  deep  mine,  or 
coal-pit,  where  the  ra3r8  of  the  sun  cannot  reach  the  eye,  and 
it  be  a  clear  day,  you  mayv  by  looking  up  to  the  heaveofli 
the  itan  at  noon  as  well  as  in  tiie  night 
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Ch,  If  flie  earth  ahniyB  revolves  on  its  axis  in  24  ]ioim» 
ilij  does  tiie  length  of  the  da3r8  and  nights  differ  in  di£ferent 
MBoneofthejear? 

Etu  TfaiB  depends  oq  other  causes  connected  with  the 
orth's  OMmmil  journey  round  the  sun,  upon  which  we  will 
cmwcrae  the  next  time  we  meet. 

QUESTIONS  FOR  EXAlflNATION. 

will  it  be  rising,  and  to  what  other  part 
will  it  be  letting?? —Explain  the 
leaacnu  of  thi4.  —  What  is  the  oonaa- 
qnence  of  the  earth's  diurnal  motion  ? 
Will  the  motion  of  the  earth  account 
for  the  apparent  motion  of  the  fixed 
stars  ?  —  Round  what  points  in  tha 
heavens  do  the  fixed  stars  appear  to 
move  ?— What  is  the  occasion  of  night? 
Are  there  stars  in  every  part  of  tlie 
heavens? — Repeat  Dr.  Young's  lines 
on  this  subject  —  Why  are  the  stars 
above  us  invisible  in  the  day?  —  Is 
there  any  mode  of  getting  a  glimpse  of 
the  stars  by  day  ? 


€€  fig.  6,  how  the 
of  tb«Mith  upon  its  axis  pio- 
dagr  and  night. —  What  is  the 
boriaoo,  and  upon  what  does 
extent  depend  ?  —  What  is  the 
horiaon,  and  wiiat  does  it  differ 
t  ■aBafMet—Td  which  of  these 
te  the  wUtMtg  Had  setting  of  the  stars 
ispend,  aad  why?  —  Why  does  the 
eCthe  eciiUe  ftwn  the  sorfkoe 
mrth  appear  to  vanish  in  eom- 
d  its  dhifanff  ftnm  the  moon 
Bd  other  heavenly  bodies  ? —  Turn  to 
thefignre:  When  the  san  is  at  ar,  which 
pHt  of  the  earth  will  be  illuminated  by 
Hi  nys  ?  —  Xo  what  part  of  the  earth 


CONVERSATION  IX. 

OF  THE  ANNUAL  MOTION  OF  THE  EARTH. 

Father,  Besides  the  diurnal  motion  of  the  earth,  bj  which 
the  sncoession  of  day  and  night  is  produced,  it  has  another, 
called  its  annual  motion  ;  which  is  the  journey  it  performs 
round  the  son  in  365  days,  5  hours,  48  minutes,  and  49 
Moonds. 

Ch,  Are  the  different  seasons  to  be  accounted  for  by  this 
motion  of  the  earth? 

Fa,  Yes;  it  is  the  cause  of  the  different  lengths  of  the  days 
and  nights,  and  consequently  of  the  different  seasons;  viz. 
Sprimg^  Summery  Autumn,  and  Winter,  * 

Ja,  How  is  it  known  that  the  earth  makes  this  annual 
journey  round  the  sun? 

Fa,  I  told  you  in  our  last  conversation,  that  through  the 
shaft  of  a  very  deep  mine,  the  stars  are  visible  in  the  day  as 
well  as  in  the  night,  as  they  arc  also  by  means  of  a  telescope 
properly  fitted  for  the  purpose  :  so  that  in  this  way  the  sun 
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and  BtnrB  may  be  made  visible  at  the  some  time.  Kow,  if  the 
8un  be  aeen  in  aline  with  a  fixed  star  to-day,  at  any  particular 
hour,  it  will,  in  a  few  weeks,  by  the  motion  of  tlie  earth,  be 
found  considerably  to  the  East  of  him  :  and  if  the  observa- 
tions be  continued  through  the  year,  we  shall  be  able  to  trace 
him  round  the  heavens  to  the  siime  fixed  star  from  which  we 
set  out;  conseijuently,  the  sun  must  have  made  a  journey 
round  the  earth  in  that  time,  or  the  parth  round  bim. 

CA.  And  the  sun,  being  a  million  of  times  larger  tlian  tlie 
earth,  you  wiU  say  that  it  is  more  natural  that  the  smaller  body 
should  go  round  the  larger  than  the  reverse. 

Fa.  That  isaverygood  aj^umentj  and  it  may  be  stated  in 
ft  much  stronger  manner.  The  sun  and  earth  rautuallj'  attract 
one  another  ;  and,  since  they  are  in  equilibrium  hj  this  at- 
traction, you  know,  that  their  jno/nenlaiaMBt  be  equal;*  there- 
fore the  earth,  being  the  smaller  body,  must  make  up  by  it» 
motion  what  it  wants  io  the  quantity  of  its  matter;  and,  of 
course,  it  must  be  that  which  performs  the  journey. 

Ja.  But  if  you  refer  to  the  principle  of  the  lever  to  explain 
the  mutual  attraction  of  the  sun  and  earth,  it  is  evidenl.  that 
both  bodies  must  turn  round  some  point  as  a  common  centre, 

/a.  And  that  is  the  centre  of  gravity  which  is  common 
to  the  two  bodies.  Now,  this  point  between  the  earth  and  sun 
is  within  the  surface  of  the  latter  body. 

Cli.  1  understand  Iiow  this  is;  because  the  centre  of  gravity 
between  any  two  bodies  must  be  as  much  nearei-  to  the  centre 
of  the  larger  body  than  the  aroaller,  us  the  former  contains  a 
greater  quantity  of  matter  tlian  the  latter. 

Fa.  You  are  right ;  but  you  v/ill  not  conclude  that,  because 
the  sun  isatnillion  of  times  larger  than  tlie  earth,  ittUcrefor« 
cunlains  a  quantity  of  matter  greater  by  a  million  of  times 
than  that  contained  in  the  earth. 

Ja.  Is  it  then  known  that  the  enrth  ig  composed  of  matter 
more  dense  than  that  which  composes  the  body  of  the  sun? 

Fa.  The  ihrlh  is  composed  of  matter  four  times  denser  than 
that  of  the  sun ;  and  hence  the  quantity  of  matter  in  the  sun  is 
between  Iwoand  three  hundred  thousand  times  greater  than 
that  which  is  contained  in  the  eurlh. 

Ck-  Therefore,  for  the  mommta  of  these  two  bodies  to  be 
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fppul,  the  Telocitj  of  the  earth  must  be  between  two  and  three 
kmdred  thonaand  times  greater  than  that  of  the  sun. 

FcL,  Itmiut:  and  to  effect  this,  the  centre  of  gravity  between 
the  son  and  earth  most  be  so  much  nearer  to  the  centre  of  the 
■m,  than  it  is  to  the  centre  of  the  earth,  as  the  former  body 
cnn«miim  a  greater  quantity  of  matter  than  the  latter:  and  hence 
k  is  found  to  be  several  thousand  miles  within  the  surface  of 
the  son. 

Ja,  I  now  clearly  perceive  that,  since  one  of  these  bodies 
rercdvea  about  the  other  in  the  space  of  a  year,  and  that  they 
loth  move  round  their  common  centre  of  gravity,  it  must  of 
necessity  be  the  earth  which  revolves  round  the  sun,  and  not 
the  san  round  the  earth.  Yet  how  is  it  that  the  sun  by  its 
attractive  force  does  not  draw  the  earth  into  itself  ? 

Fa.  This  drcular  motion  of  the  earth  is  produced  by  two 
fbroea:  which  counteract  each  other  in  just  proportions.  The 
centripetal  attraction  draws  it  to  the  sun,  and  the  projectile  or 
eentrifngal  force  carries  it  from  the  sun,  so  tliat  it  takes  its 
path  between  the  two,  as  would  h9  illustrated  by  the  diagonal 
ef  a  parallelogram:  but  the  continued  action  of  these  forces 
prodaces  that  orbit  which  we  term  circular,  or  more  properly 
ellipticaL  To  suppose  moreover  that  the  sun  moves  round 
the  earth  is  too  absurd  to  be  admitted  by  any  one  of  com 
aion  capacity  or  understanding. 

QUESTIONS  FOR  EXAMINATION. 


Has  the  earth  any  other  motkm  be- 
ddcs  that  roond  ita  aids?  —  How  are 
the  aeamu  of  whiter  and  lammer  to  bo 
Bceonnt^ed  ftr? — Can  70a  tell  me  how 
it  to  aeeertahied  that  the  earth  makes 
thto  annual  journey  round  the  son? — 
Can  the  tame  thing  be  proved  hj  the 
imtnal  attraction  of  the  earth  and  sun  ? 
—  Do  they  tnm  round  any  common 


point,  and  what  !s  that  called? — If 
the  matter  of  the  earth  or  sun  the  more 
dense,  and  in  what  proportion  ?  —  In 
what  proportion  is  the  quantity  of  mat- 
ter greater  in  the  sun  than  it  is  in  the 
earth?  —  How  much  swifter,  then, 
should  the  motion  of  the  earth  be  than 
that  of  the  sun  ? 


CONVERSATION  X. 


OF  THE   SEASONS. 


Fatlier,  I  will  now  show  you  how  the  different  seasons  are 
produced  by  the  annual  motion  of  the  earth. 
Ja.  Upon  what  do  they  depend.  Papa? 
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IM  ASnOMOllT. 

Fa.  The  ▼arietj  of  the  seasons  depends  iip<»L  the  length 
of  the  dajs  and  ni^ts,  and  npon  tiie  position  of  the  eaaiki 
with  respect  te^the  sun. 

CSk  Bui  if  the  eavth  ton  rouid  its  inwiginary  sxis  every 
24  hoiiffs^  eo^  it  not  to  eiyoy  equal  days  and  nights  ail  the 
jear? 

Fok  Thia  would  be  the  case  if  the  axis 

of  the  earth,  ns,  were  perpendicular  to  j^\ Sj 

a  Ikke,  CK,  drawn  through  tiie  e^itrea  of  ^^^-^ 

the  son  and  earth;  for  then^  as  the  sua  p.    ^ 

always  enlightens  one  half  of  the  earth  by 

its  rays;  and  as  it  is  day^  at  any  given  plabe  on  the  globe,  so 

long  as  that  f^ace  continues  in  the  enlightened  hemisphere* 

every  part,  except  the  two  pedes,  must,  during  its  rotation  on 

its  axis,  be  one  ludf  of  its  time  in  the  light  and  the  other 

half  in  darkness:  or,  in  other  words^  the  days  and  nights 

would  be  equal  to  all  the  inhabitants  of  the  earth,  excepting 

to  those  who  may  be  living  at  the  poles. 

Ja,  Why  do  you  except  the  inhabitants  at  the  poles? 

Fa,  Because  the  view  of  the  spectator,  situated  at  the  poles 
N  and  s,  must  be  bounded  by  the  line  c  b;  consequently  to  him 
liie  sun  would  never  appear  to  rise,  or  set,  but  would  always 
be  in  the  horizon. 

Ch.  If  the  earth  were  thus  situated,  would  the  rays  of  the 
sun  always  fall  vertically  on  the  same  part  of  it? 

Fa.  They  would:  and  that  part  would  be  e  q,  the  equator; 
and,  as  we  shall  presently  show,  the  heat  generated  by  the 
sun>  being  greater  or  less  in  proportion  as  its  rays  fall  more 
or  less  perpendicularly  upon  any  body,  the  parts  of  the  earth 
about  the  eqoator  would  be  scorched  up,  while  those  between 
40  and  50  degrees  on  each  side  of  tliat  Une  and  the  poles  would 
be  desolated  by  an  unceasing  winter. 

Ja,  In  what  manner  is  this  prevented  ?  5 

Fa,  By  the  axis  of  the  earth,  n  s,  being  y  ^ 
inclined  about  23  degrees  and  a  half  out    *^^'^ 
of  the  perpendicular,  as  it  is  described  by 
Milton. 

.    .    .    .    He  bade  his  angels  torn  askance 
The  poles  of  earth  twice  ten  degrees  and  more 
From  the  sun's  axle. 

In  this  case  you  observe  that  aU.  the  panliel  drdes,  exc^t  the 
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Avidod  into  tw»  niMqual  parts,  haTing  a  greater 
« ]tsB  portion  of  their  circumferences  in  the  enlighten^  tiian 
k  the  dsrkeaed  hcMspbere,  according  to  their  situation  with 
Mytct  to  Hy  ibm  Rorth^  or  8»  the  south  pole. 
/  GL  At  wkat  season  of  the  jear  is  the  earth  represented  in 
figure? 

Fa.  At  our  summer  season :  for  you  obser\-e  that  the  parallel 
ckcha  in  tke  northern  hemisphere  hare  their  greater  pui*ts 
eofightiKied,  and  their  smaUer  parts  in  the  dark.  If  d  l 
wpresent  tbai  circle  of  latitude  on  the  globe  in  which  Great 
Britain  ia  sstoaSed,  it  is  evident  that  about  two  thirds  of  it  ore 
m  the  l^Iit,  and  otAy  one  third  in  darkness. 

Ton  will  remsmber  that  paraliels  of  latitude  are  circles  on 
the  surface  of  the  earth,  or  its  representative,  the  terrestrial 
fjitthcj  drawn  parallel  to  the  equator. 

Jb.  Is  that  the  reason  why  our  days,  towards  the  middle  of 
Jane,  are  16  hours  long,  and  the  nights  but  8  hours? 

Fa,  It  is:  and  if  you  look  to  the  parallel  next  beyond  that 
marked  d  l,  you  will  see  a  still  greater  disproportion  between 
the  day  and  night,  and  the  parallel,  n,  more  north  than  this,  is 
tntirelj  in  the  light 

CJL  Is  it,  then,  day  there  entirely? 

Fa.  To  the  whole  space  between  that  and  the  pole  it  is 
eontinaal  day  for  some  time;  the  duration  of  which  is  in  pro* 
pordon  to  its  vicinity  to  the  pole;  and  at  the  pole  there  is 
pemiaaent  day-light  for  six  months  together. 

•leg.  And  during  that  time  it  must,  I  suppose,  be  night  to 
tike  people  who  live  at  the  south  pole? 

Fa.  Yes:  the  figure  shows  tliat  the  south  pole  is  in  dark- 
ness; and  you  may  observe  that,  to  the  inhabitants  living  in 
equal  parallels  of  latitude,  the  one  north,  and  the  other  south, 
the  length  of  the  days  to  the  one  will  be  always  equal  to  the 
length  of  the  nights  to  the  other. 

Ch.  What  thai  shall  we  say  of  those  who  live  at  the  equator, 
and  consequently  have  no  latitude? 

Fa,  To  thpm  the  days  and  nights  are  always  equal,  and  of 
course  twelve  hours  each  in  length:  and  this  is  also  evident 
from  the  figure;  for,  in  every  position  of  the  globe,  one  half 
of  the  equator  is  in  the  Hght  and  the  other  half  in  dark- 

88. 

Jd.  If,  then,  ti»e  length  of  the  di^  is  the  cause  of  the  dif- 
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ferent  neaBOiui,  there  can  be  no  variefy  in  this  respect  to  those 
who  live  at  the  equator. 

Fa,  You  seem  to  forget  that  the  change  in  the  aeasona 
dc{)tindtt  upon  the  position  of  the  earth  with  respect  to  the  son; 
that  is,  upon  the  perpendicularity  with  which  Uierays  of  light 
full  upon  any  particular  part  of  the  earth,  as  well  as  upon  the 
length  of  tlio  days. 

Ch»  Docs  this  make  any  material  difference  with  regard  to 
the  hoat  of  the  sun? 

Fa,  It  docs.     Let  ab  represent  a  portion 
of  tlie  earth's  surface,  on  which  the  sun's 
rays  full  |>eri>endicularly:   let  bc  represent 
an   (Kiuol  {H)rtion,  on  which  they  fall  ob-jf. 
li(]uuly  or  aslant.     It  is  manifest  that  bc,  ^'  *' 

though  it  be  equal  to  ab,  receives  but  half  the  light  ancL 
beat  that  ab  does.  Moreoyer,  by  the  sun's  rays  falling 
more  perpendicularly,  they  come  with  greater  force,  as  well 
as  ill  greater  numbers,  on  the  same  place. 

QCESTIONS  FOR  EXAMINATION. 


VpoB  what  do  the  diS^rent  wawni  \  this  bj  fi^.  7. — Why  are  our  dajs  la 
depeuil  ?  —  Why  dor*  not  the  earth  :  summer  1<  hoan  kmg.  and  in  winter 
vi^y  equal  days  and  nights  all  the  only  8  ?  —  To  whom  is  tins  diAarenoe 
year,  and  under  what  cimunstanccs  still  greater? — TOwliat  parts  of  the 
would  that  be  the  case  ? — Why  are  the  earth  are  there  six  months  day  and  six 
l«eo|tle  at  the  poAes  excepted? —  In  -  months  night? — To  wliaft  pnits  of  tlio 
what  case  would  the  iV*  of  the  sun  earth  are  the  daya  and  nigiits  nlwayB 
Ihll  Ysrtlcally  on  a  particular  part  of  |  equal? — C^on  what  does  tkecbnnga 
the  earth ?  —  Would  that  be  adraata-  \  te  the  naiani  dcpcsMi? — Stew  ana  \if 
geou*  or  otherwise  to  the  earth? — How  jg.  S.  how  the  heat  of  the  ana  ilia  i  s  by 
much  i«  the  axis  of  the  earth  iacUaed  ,  the  mode  of  Ua  thOteg  apon  wmj 
ghaa  the  perpeadicttlar  ?  —  KTplaia  !  tiealar: 


CON^^ERSATION  XL 
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Father.  Let  U5  now  take  a  view  of  the  earth  in  Ha  miwinal 
cour:>e  round  th«  »un,  coosidering  its  axis  as  incBned  23^ 
dtf«^rtftf:«  to  a  line  perpendicular  to  its  orbits  and  keeping 
through  its  whole  joumej,  a  parallel  directkiv  and  joa  will 
fjid,  tbit  according  to  the  situatioa  of  the  earth,  in  **^ 
p^r^  ^  ^  orbit,  the  rajrs  of  the  sun  are  prfwinlwl 
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dicularly  to  the  equator,  and  to  everj  point  of  the  globe^ 
within  2^  d^rees  of  it,  both  North  and  South. 

This  figure  (fig.  9)  represents  the  earth  in  four  difierent 
parts  of  its  orbit,  or  as  it  is  situated  with  respect  to  the  sun 
in  the  months  of  March,  June,  September,  and  December. 

Ch.  The  earth's  orbit  is  not  made  circular  in  the  figure. 

Fa*  It  is  nearly  circular:  but  you  are  supposed  to  view  it 
fincun  the  side  b  d;  and  therefore,  though  almost  a  circle,  it 
s^pears  to  be  a  long  ellipse.  All  circles  appear  elliptical  in  an 
oblique  view,  as  is  evident  by  looking  obliquely  at  the  rim  of 
a  basin,  at  some  distance  from  you.  For  the  true  figure  of  a 
circle  can  only  be  seen  when  the  eye  is  directly  over  its  centre. 
You  observe  that  the  sun  is  not  in  the  centre. 

Jo.  I  do:  and  it  appears  nearer  to  the  earth  in  the  winter 
than  in  the  summer. 

Fa.  We  are,  indeed,  more  than  three  millions  of  miles 
nearer  to  the  sun  in  December  than  we  are  in  June. 

Ch,  Is  this  possible?  and  yet  our  winter  is  so  much  colder 
than  the  summer. 

Fa,  Notwithstanding  this,  it  is  a  well-known  fact:  for  it  is 
ascertained  that  our  summer  (that  is,  the  time  that  passes 
between  the  vernal  and  autumnal  equinoxes)  is  nearly  eight 
days  longer  than  our  winter,  or  the  time  between  the  autunmal 
and  vernal  equinoxes.  Consequently,  the  motion  of  the  earth 
is  slower  in  the  former  case  than  in  the  latter;  and  therefore^ 
as  we  shall  see,  it  must  be  at  a  greater  distance  from  the  sun. 
Again,  the  sun*s  apparent  diameter  is  greater  in  our  winter 
than  in  summer;  but  the  apparent  diameter  of  any  object  in- 
creases in  proportion  as  our  distance  from  the  object  is  di* 
minished;  and  therefore  we  conclude  that  we  are  nearer  the 
sun  in  winter  than  in  summer.  The  sun's  apparent  diameter 
in  winter  is  32'  35";  in  summer  31'  30". 

Ja.  But  if  the  earth  is  further  from  the  sun  in  summer  than 
in  winter,  why  are  our  winters  so  much  colder  than  our 
summers? 

Fa,  Because,  first,  in  the  smnmer,  the  sun  rises  to  a  much 
greater  height  above  our  horizon,  and  therefore  its  rays  coming 
more  perpendicularly,  more  of  them,  as  we  showed  you  yester- 
day, must  fall  upon  the  surface  of  the  earth,  and  come  also 
with  greater  force;  which  is  the  principal  cause  of  our  greater 
summer  heat.     Secondly,  in  sununer  the  days  are  very  long. 


M8 


IBid  the  nights  short;  therefore  the  earth  and  air  are  heated 
hy  the  sun  in  ihe  day  for  a  longer  period  than  they  are  cooled 
in  the  night 

Ja.  Whj  hare  we  npt»  therefore,  the  greatest  heat  at  the 
time  when  the  days  are  longest? 

Fa,  The  hottest  season  of  the  year  is  certainiy  a  month  or 
two  after  thai  time:  which  may  be  thns  accounted  for:  a  body 
once  heated  does  not  grow  cdd  again  instantaneously,  but 
gradually:  now,  as  long  as  more  heat  comes  from  the  sun  in 
tiie  day  than  is  lost  in  the  mgfat,  the  heat  of  the  earth  and 
air  will  be  daily  inereasing:  and  thb  must  evidently  be  the 
case  £or  some  weeks  afiber  the  Ibngest  day,  both  <m  aeoount 
of  the  number  of  rays  which  &U  on  a  given  space^  and  also 
from  the  perpendiculfir  directieii  of  those  rays^ 

Ja.  Will  you  now  explain  to  us  in  what  manner  the  change 
of  seasons  is  produced? 

Fa,  By  refer- 
ring to  the  figure 
you  will  observe, 
that  in  the  month 
of  June  the  north- 
pole  of  the  earth 
inclines  towards 
the  sun,  and  con- 
sequently brings 
aU  the  northern 
parts  of  the  globe 
more  into  light 
than  at  any  other 
time  in  the  year. 

Ch.  Then  to  the  people  in  those  parts  it  is  summer. 

Fa,  It  is:  but  in  December,  when  the  earth  is  in  the  opposite 
part  of  its  orbit,  the  north  pole  declines  from  the  sun,  which 
occasions  the  northern  places  to  be  more  in  the  dark  than  in 
the  light;  and  the  reverse  at  the  southiem  places. 

Ja.  Is  it  then  summer  to  the  inhabitants  of  the  southern 
hemisphere? 

Fa,  Yes,  it  is^  and  winter  to  us.  In  the  months  of  March 
and  September,  the  axis  of  the  earth  does  not  incline  to,  n<»r 
decline  from,  the  sun,  but  is  perpendicular  to  a  line  drawn 
from  its  centre.  And  then  the  poles  are  in  the  boundary  of 
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l^t  and  darkDf«ii,  and  the  siui  being  directly  vertical  tt^  or 
I    over,  the  equator,  maiiea  equal  daj  und  night  at  ail  pioircs. 
Now  trace  tlie  annnal  motion  of  the   earth  in  its  orbit  ibr 
jaandf,  as  it  is  represented  iu  the  figure. 

Cft.  I  will,  Papa.  About  the  20th  oi'March  the  enrth  is  in 
Libra,  and  consequently  to  its  inhabitants  the  sun  wiU  nppear 
'  1  Aries,  and  be  vertical  to  the  equator: 

Fa.  And  then  the  equator,  and  all  its  parallels,  ate  equally 

Ivvted  between  the  light  and  dark. 

Oi    Caos^qwatiy  the  Jaya  and  nights  are  equal  all  over 

B  world.   An  the  earth  pnrsues  its  Journey  from  Alarch  to 

'  .3  northern  hemisphere  comes  more  into  li^ht;  luiil  on 

I  of  that  rnonth,  the  ana  is  vertical  to  the  tropic  of 

Fa.  And  yon  then  obeerre,  that  all  the  circles  parnllel  to 
tlie  sqiintor  are  un«iTial]y  divided;  those  in  the  northern  hnlf 
hare  their  greater  ports  in  the  l^ht,  and  those  in  the  southern 
hslf  hate  their  larger  parts  in  darkness. 

d.  Tes;  and  of  course  it  in  summer  to  the  inhahit^ts  of 
tfae  northern  hemisphere,  and  winter  to  tlie  southern. 

I  BOW  trace  it  to  September,  vrhen  I  find  the  sun  vertical 
again  to  the  equator,  and  of  course,  the  days  and  nights  ar& 
again  equal;  and  following  the  earth  in  its  JourQey  to  Decem- 
ber, or  when  it  has  arrived  at  Cancer,  the  sun  appeal's  in 
Capricorn,  and  is  vertical  to  that  part  of  the  enrth  callwl  the 
B  toopiu  of  Capricorn;  and  now  the  southern  pole  is  enlightened, 

d  all  the  circles  on  that  hemisphere  have  their  lai^r  parts 
to  those  parts,  and  winter 


K  light;  and,  of  coarse,  it  U 
p  US  in  the  northern  hemisphi 

Fa.  Can  you,  James. 

~.    shorten,  £rum  the  equator 


teltn 


L",  why  the  days  lengthen 
the  polar  circles,  every 


I  will  try:  because  the 

';  and  from  (hat  liine   I 

tical  successively  to  all  other  parts  of  the  earth  between 

e  equator  and  the  tropic  of  Cancer;  and,  in  proportion  as  it 

loittc^  vertical  to  the  more  northern  parts  of  the  earth,  it 

■elines  from   the  southern,   and  consequently,  to  the  former 

e  days  lengthen,  nnd  to  the  latter  they  shorten.  From  June 

0  Sept-jmher  the  sun  is  again  vertical  snccessively  to  all  the 

e  parta  of  the  earth,  but  to  a  reverse  order. 


•'•I 
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CA.  Since  it  is  summer  to  all  those  parts  of  the  earth  where 
the  son  is  vertical,  (and  we  find  that  the  sun  is  vertical  twice 
in  the  year  to  the  equator  and  to  every  part  of  the  globe 
between  the  equator  and  tropics)  there  must  be  also  two 
summers  in  a  year  to  all  those  places. 

Fa,  There  are:  and  in  those  parts  near  the  equator,  they 

have  two  harvests  every  year. But  let  your  brother  finish 

his  description. 

J<u  From  September  to  December,  it  is  successively  ver- 
tical to  all  the  parts  of  the  earth  situated  between  the  equator 
and  the  tropic  of  Capricorn,  which  is  also  the  cause  of  the 
lengthening  of  the  days  in  the  southern  hemisphere,  and  of  their 
becoming  shorter  in  the  northern. 

Fa.  Can  you,  Charles,  tell  me  why  there  is  sometimes 
neither  day  nor  night,  for  some  little  time,  within  the  polar 
circles? 

Ch,  The  sun  always  shines  upon  the  earth  90  degrees  every 
way;  and  when  he  is  vertical  to  the  tropic  of  Cancer,  whidfi 
is  23^  d^rees  north  of  the  equator,  he  must  shine  the  same 
number  of  degrees  beyond  the  pole,  cr  to  the  polar  circle; 
and  while  he  ^us  shines,  there  can  be  no  night  to  the  people 
within  that  polar  circle;  and,  of  couise,  to  the  inhabitants  at 
the  southern  polar  circle,  there  can  be  no  day  at  the  same  time; 
for,  as  the  sun's  rays  reach  but  90  degrees  every  way,  they 
cannot  shine  far  enough  to  reach  them. 

Fa.  Tell  me  now,  why  there  is  but  one  day  and  night  in  the 
whole  year  at  the  poles? 

Ch.  For  the  reason  which  I  have  just  given,  the  sun  must 
shine  beyond  the  north  pole  all  the  time  he  is  vertical  to  those 
parts  of  the  earth  situated  betvreen  the  equator  and  the  tropic 
of  Cancer;  that  is,  from  March  the  2l8t,  to  September  the 
20th,  during  which  time  there  can  be  no  night  at  the  north 
pole,  nor  any  day  at  the  south  pole.  The  reverse  of  this  may 
be  applied  to  the  southern  pole. 

Ja.  I  understand  now,  that  the  lengthening  and  shortening 
of  the  days,  and  the  different  seasons,  are  produced  by  the 
annual  motion  of  the  earth  round  the  sun ;  the  axis  of  the 
earth,  in  all  parts  of  its  orbit,  being  kept  parallel  to  itself. 
But,  if  thus  parallel  to  itself,  how  can  it,  in  all  positions, 
point  to  the  polar  star  in  the  heavens? 

Fa.  Because  the  diameter  of  the  earth's  orbit,  a  c,  is  nothing 
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in  comparison  with  the  distance  of  tht  earth  from  the  fixed 
stars.  Suppose  jou  draw  two  paraUel  lines  at  the  distance 
of  three  or  four  yards  from  one  another,  will  thev  not  both 
point  to  the  moon  when  she  is  in  the  horizon? 

Ja.  Three  or  four  yards  cannot  be  accounted  as  anything, 
in  comparison  with  240  thousand  miles,  the  distance  of  the 
moon  from  us. 

Fa.  Perhaps,  three  y^rds  bear  a  greater  proportion  to  240 
thousand  miles  than  190  millions  of  miles  bear  to  our  distance 
from  the  polar  star. 

QUESTIONS  FOR  EXAMINATION. 


BxpUin  to  me  what  ii  intended  by 
fig.  9.  —  If  the  orbit  of  the  earth  dr- 
ccdar?  —  How  is  the  sun  situated  with 
/egaid  to  the  earth's  orbit? — Are  we 
Bcmrer  to  the  sun  in  the  sununer  or  in 
tlie  winter? — How  is  it  proTed? — 
Wbj  is  the  winter  colder  than  the 
nunmer  ? —  Which  is  the  hottest  time 
of  the  year,  and  why  is  it  so? — Befer 
to  the  fignrc,  and  tell  me  the  position  of 
the  earth  in  Jone,  and  what  that  oc-  > 


casions.  —  Do  the  same  with  regard  to 
December,  March,  and  September. — 
Why  do  the  days  lengthen  and  shorten 
every  year  fnnD  the  equator  ? — Where 
are  there  two  harvests  in  a  year?— 
Why  is  there  sometimes  no  day  nor 
night  tot  a  certain  number  of  days  or 
weeks  or  months  within  the  polar  cir- 
cle ? —  Why  is  there  but  one  day  and 
one  night  in  a  year  at  the  poles  ? 


CONVERSATION  XH. 


OF     THE     EQUATION     OF     TIME. 

Fathei\  You  are  now,  I  presume,  acquainted  with  the 
motions  peculiar  to  the  globe  on  which  we  live? 

Ch.  Yes,  I  think  so:  it  has  a  rotation  on  its  axis  £rom  West 
to  East  every  24  hours;  by  which  day  and  night  are  pro- 
duced, and  also  the  apparent  diurnal  motion  of  the  heavens 
from  East  to  West. 

Ja.  The  other  is  its  annual  revolution  in  an  orbit  round 
the  sun,  likewise  from  West  to  East,  at  the  distance  of  95 
millions  of  miles  from  the  sun. 

Fa,  You  understand  also  in  what  manner  this  annual  mo- 
tion of  the  earth,  combined  with  the  inclination  of  its  axis,  is 
the  cause  of  the  variety  of  the  seasons;  and  therefore  we  will 
now  proceed  to  investigate  another  curious  subject,  viz.  the 
equation  of  time;  and  I  will  endeavour  to  explain  to  you  the 
difference  between  equal  and  apparent  time* 
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Ch,  Will  you  tdl  us  what  70a  mean  bj  the  words  equcd 
«ad  apparenty  as  applied  to  time? 

Fa,  Equal  time  is  measured  by  a  dock,  that  is  supposed 
to  go  without  any  yariation,  and  to  measure  exactly  24  hours 
£p6m  noon  to  noon;  and  apparent  time  is  measured  by  the 
-apparent  motion  of  the  sun  in  the  heavens,  or  by  a  good 
suu-diaL 

Ch,  And  what  do  you  mean,  Papa,  by  ikut  eqtiothn  of 
tkmef 

Fa.  It  is  the  adjustment  of  the  difference  of  time,  as  shown 
by  a  well-regulated  clock  and  a  true  sun-dial:  or,  astronomi- 
cally speaking,  the  difference  in  mean  solar  time  between  the 
true  or  apparent  right  ascension  of  the  sun,  and  its  mean 
inght  ascension. 

Sa,  Up(m  what  does  tins  difference  dep^idr 

Fa,  It  dq>ends,  first,  upon  the  inclination  of  the  earth's 
axis,  and,  sec<Hidly,  upon  the  elliptic  form  of  the  earth's 
orbit;  for,  as  we  have  abeady  seen,  the  earth's  orbit  being  an 
ellipse,  its  motion  is  quicker  when  it  is  in  perihelioriy  or 
nearest  to  the  sun ;  and  slower  when  it  is  in  apheliony  or  fur- 
thest from  the  sun.  Perihelion  is  derived  from  two  Greek 
words,  peri  (Trcpt)  "  near,"  and  heUos  (?;Xioc)  "  the  sun:" 
aphelion  likewise  from  aph  (a^,  ioir  hvo)  ^'  from,"  and  helioSy 
"  the  sun." 

Ch.  But  I  do  not  yet  comprdiend  what  the  rotation  of  the 
earth  has  to  do  with  the  going  of  a  clock  or  watch. 

Fa.  The  rotation  of  the  earth  is  the  most  equable  and 
uniform  motion  in  nature,  and  is  completed  in  23  hours,  56 
minutes,  and  4  seconds.  This  space  of  time  is  called  a  side- 
real  day ;  because  any  meridian  on  the  earth  will  revolve 
irom  a  fixed  star  to  that  star  ^ain  in  this  time.  But  a  solar 
or  natural  day,  which  our  clocks  are  intended  to  measure,  is 
the  time  which  any  meridian  on  the  earth  will  take  in  revolv- 
ing from  the  sun  to  the  sun  again;  whicKis  about  24  hours, 
sometimes  a  little  more,  but  generally  less. 

Ja.  What  occasions  this  difierence  between  the  solar  and 
the  sidereal  day? 

Fa.  The  distance  of  the  fixed  stars  is  so  great,  that  the 
diameter  of  the  earth's  orbit,  though  it  be  190  millions  of 
miles,  when  compared  with  i1^  is  but  a  point;  and  therefore 
any  meridian  on  the  earth  wffl  Tevolve  firam  a  fixed  star  to 
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kit  st&r  again  in  exacUy  the  same  time  as  if  tbe  earth  had 
Ij  &  diumal  motion,  and  reouuned  always  in  the  same  part 
its  orbit.  But,  with  respect  to  the  sub,  as  the  earth  ad- 
nces  ahuost  a  degree  eastward  in  its  orbit,  in  the  same  time 
-dist  it  turns  esstwai'd  pound  ita  axis,  it  loust  mi^e  more  than 
t  complete  rotation  before  it  cftn  come  into  the  same  positimi 
again  with  the  sun  which  it  had  the  day  before.  In  the  same 
way,  as  when  both  tbe  honda  of  a  watch  or  clock  set  off  to- 
{;etber  at  12  o'clock,  the  minute-bond  must  travel  more  than 
a  whole  eirole  before  it  will  nvertake  the  hour-hand;  that  is, 
fasfgn  they  wili  be  in  the  s.ime  relative  position  agiiin.  Thus 
e  sidereal  days  are  shorter  than  the  aolar  by  ubout  four 
iiMttes,  as  is  evident  from  obserratioQ. 
Ck.  Stili  I  do  not  understand  the  reiison  wiiy  the  clotiks  and 

wt  agree. 

^a.  A  good  clock  is  intended  to  nieusure  that  equable  and 

ifonn  time  which  the  rotitldon  of  the  earth  on  its  axis  ex- 

;    whereas  the  dial  measures  time   by   the   apparent 

a  of  the  sun,  which,  as  we  have  explained,  is  subject  to 

Tsriation.     Or  thus:  though  the  earth's  motion  on  its  axis  be 

perfectly  uniform,  and  consequently  the  rotation  of  the  eqvator 

\fita  plane  of  which  is  perpenditnilar  to  tbe  axis)  or  of  any 

^B  «ttier  drcle  parallel  to  it,  be  Ukewise  eqaable,  yet  we  measure 

^hfee  longth  of  the  natural  day  by  means  of  the  sun,  whose 

^^mm}arent  annual  motion  is  nut  tn  the  equator,  or  any  of  its 

^BpinkfielB,  but  in  the  e^diptie,  which  is  oblique  to  it. 

Jin.  Do  you  mean  by  this,  that  the  equator  of  the  earth,  in 
its  asnual  journey,  is  nut  always  directed  towards  the  centre 
flf  thesunr- 
i^a.  I  do:  twice  only  in  the  year,  a  line  drawn  fi-om  the 
centre  of  the  sua  to  that  of  the  earth  passes  through  those 
p<nnt5  where  the  equator  und  ecliptic  cross  one  another; 
tt  all  other  times  it  pu^es  through  some  other  part  of  that 
obHqne  circle  which  i^  i-epresented  on  the  globe  by  the  ecliptic 
Gne.  Now,  when  it  paaaes  through  the  equator  or  the  tmpies, 
which  ar€  circles  parallel  to  the  equator,  the  sun  and  docks 
go  t^ether  as  far  ns  regards  this  cause;  but  at  other  times 
tb^  differ,  because  e'/ual  portions  of  the  ecliptic  pass  over 
the  meridian  in  unequal  porta  of  time,  on  account  of  iti 
^liquity. 

(A.  Can  you  explain  this  by  a  figure? 
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Fa.  It  is  cftnl;  sbown  by  the  globe 
which  thu  6giire  fy>  »  ts-  8  may  repre- 
sent: rp  £=  nill  be  the  equator,  25  a  <Y> 
the  northern  half  of  the  ecliptic,  and 
rp  ):P  1^  the  southern  half.  Make  slight  r 
pencil  ia*,T\t»  a,b,e,d,t^,g,h,  all  round 
the  eguator  and  ediptie,  at  equal  dis- 
tances (suppose  20  degrees)  fiim  each 
other,  beginning  at  Aries.  Now,  bj 
tnrjung  the  globe  on  its  axis,  jou  will 
perceive  that  all  the  marks  in  the  first  quadrant  of  the  eeUptie 
(that  is,  from  Aries  to  Cancer)  come  lootur  to  the  brazen  me- 
ridian than  their  correspondiag  marks  on  the  equator : — those 
from  the  beginning  of  Cancer  to  Libra  come  later: — those 
from  Libra  to  Capricorn  toorur: — and  those  from  Capricorn 
to  Aries  later. 

Time,  as  measured  by  the  sun-dial,  is  represented  by  the 
marks  on  the  ecUptici  that  measured  by  a  good  clock  is 
marked  by  those  on  the  equator, 

Ch.  Then,  while  the  sun  is  in  the  first  and  third  quarters, 
or,  which  is  the  same  thing,  while  the  earth  is  travelling 
through  the  second  and  fourth  quarters  (that  is,  from  Cancer 
to  Libra,  and  from  Capricorn  to  Aries)  ^e  sun  is  faster  than 
the  clocks;  and  while  it  is  travelling  the  other  two  quarters, 
it  is  slower. 

Fa.  Just  so:  because,  while  the  earth  is  travelling  through 
the  second  and  fourth  quadrants,  equal  portions  of  the  ecliptic 
come  sooner  to  the  meridian  than  their  corresponding  parts  of 
the  equator:  and  during  its  journey  through  the  first  and 
third  quadrants,  the  equal  parts  of  the  ecliptic  arrive  l€tter  at 
the  meridian  than  their  corresponding  parts  of  the  equator. 

Ja.  If  I  rightly  understand  what  you  have  been  saying, 
the  dial  and  clocks  ought  to  agree  at  the  equinoxes;  that  is, 
on  the  20th  of  March,  and  the  23d  of  September;  but  if  I 
refer  to  the  Ephemeris,  I  find  that  for  that  year  on  the  former 
day  the  clock  is  more  than  seven  minutes  before  the  bud;  and 
on  the  latter  day  it  is  almost  seven  minutes  behind  the  sun. 

Fa.  If  this  difiercnce  between  time  measured  by  the  sun- 
dial and  clock  depended  only  on  the  inclinati<m  of  the  earth's 
axis  to  the  plane  of  ils  orbit,  the  clock  and  dial  ought  to  b« 
toother  at  tho  equinoxes,  and  also  on  the  21st  of  Juno  and 


Slst  of  December;  that  is,  at  the  summer  and  winter 
■olstices;  because,  on  those  days,  the  apparent  revolution  of 
tile  sun  is  parallel  to  the  equator.     But  I  told  you  that  there 

L8  another  cause  why  this  difference  subsisted. 

CA.  You  did:  and  that  was  the  elliptic  foi-m  of  the  earth's 
srbit. 

Fa.  If  the  earth's  motion  in  its  orbit  were  uniform,  which 

would  be  if  the  orbit  were  circular,  then  the  whole  difference 
equal  time,  aa  shown  by  the  cluck,  and  apparent 
shown  by  the  sun,  would  arise  from  the  incUtiation  of 
ibe  earth's  axis.  But  this  is  not  the  case;  for  the  earth 
ftsyels,  when  it  in  nearest  the  nun,  that  is,  in  the  winter, 
than  a  degree  in  24  hours;  and  when  it  ia  furthest  from 
41ie  sun,  that  is,  in  summer,  le^  than  a  degree  in  the  same 
time:  consequently,  from  this  cause  Ihe  natural  day  would  be 
of  the  greatest  length  when  the  earth  was  nearest  the  sun;  for 
it  moBt  continue  turning  the  longest  time  after  an  entire  rota- 
tion, in  order  to  bring  the  meridian  of  any  place  to  the  suu 
ttain;  and  the  shortest  day  would  be  when  tiie  earth  moves 
'^e  ilowest  in  her  orbit.  Now,  these  inequalities,  combined 
irith  those  arising  from  the  inclination  of  the  earth's  asis, 
Aalce  up  that  difference  which  is  shown  by  the  equation  tabic, 
Annd  in  the  Ephemeris,  between  good  clocks  and  true  sun- 
We  may  add,  in  conclusion,  that  the  equation  of  time 
|b  «t  its  maziniuni  about  the  beginning  of  November,  when  it 
BBiountB  to  about  16  minutes  16  second?,  at  which  quantity 
&e  clock  ia  faster  tiian  the  dial. 


QUESTIOSS  FOB 

ESAMIKATION. 

Enamcnlc  Uw  motions  of  tl.ecirtli. 

(hat  vliich  Is  muiured  on  the  nm-diBl  t 

—  Wkm  li  meinl  bj  cqnil  Ume-.  ud 

earth  dirDctcd  toRiirdi  the  «n(ri  ol 

nnileriUiod  by  tlie  tqusllon  of  Bms  ?— 

the  nin?-  How  oftoa  do  (he  clodci 

and  Bun-diati  aiir»?— Explain  this  by 

meau!  of  flg.   11.  — When  la  the  na 

a«p«d  f  —  Hqw  hn.  Ihc  roUtion  of  the 

fMterlh»nthtcIoet>;andwhen.iloiirer? 

orth  inrihlDK  In  comiDon  <^tb  the 

—  What  is  Ihc  cante  otthlndlOcrRice? 

motkni  of  ■  iratch  ?  —  WliDt  ounBJoiia 

—  What  dflTMcnee  dw.  the  clllplfa, 

the  diffrrm™  brtwcen  tJiu  wliir  and 

form  of  the  earth's  orlnt  occasion  ?— 

Mo«l  day?— Wbat  Ume  do  clock! 

I10C9  the  earth  triYd  filter  in  •Bmmer 

nd  ntebd  mcuure  ?  —  nniu  limi]  b 

oriDwliitw? 

J 
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CONVERSATION  XITL 

OF   LEAF-TEAK. 

James,  Before  we  quit  the  suliject  of  time,  will  70a  ffHt 
OS  some  account  of  what  is  caUed«  in  our  Almanacs,  '^  lbaI* 
teae"? 

Fa.  I  wilL  The  length  of  our  year  is  measured,  as  joi 
are  aware,  bj  the  time  which  the  earth  takes  in  perlbrmim 
her  joumej  round  the  sun,  in  the  same  manner  as  the  length 
of  the  day  is  measured  by  its  rotation  on  its  axis.  Now,  tt 
compute  the  exact  time  taken  by  the  earth  in  its  nniwJ 
journey,  was  a  work  of  considerable  difficulty.  Julius  Coatf 
was  the  first  person  who  seems  to  have  attained  to  any  aoc»» 
racy  on  this  subject. 

Ch.  Do  you  mean  the  Julius  CsBsar  who  invaded  Grcil 
Britain? 

Fa,  The  same.  He  was  not  less  celebrated  as  a  man  cC 
science  than  as  a  generaL 

This  renowned  commander,  who  was  well  acquainted  with  tlM 
learning  of  the  Egyptians,  in  the  year  46  B.C.  determined  tbi 
length  of  the  year  to  be  365  days  and  six  hours;  which  madi 
it  six  hours  longer  than  the  Egyptian  year.  Now,  in  order 
to  allow  for  the  odd  six  hours  in  each  year,  he  introduced  as 
additional  day  every  fourth  year,  which  accordingly  consisti 
of  366  days;  and  is  called  Z«ap- Year,  while  the  other  three 
have  only  365  days  each.  From  him  it  was  denominated  the 
Julian  year. 

Ja.  It  is  also  called  Bissextile  in  the  Almanacs.  What 
does  that  mean? 

Fa,  The  Romans  inserted  the  intercalary  day  between  the 
23d  and  24th  of  February:  and  because  the  23d  of  February, 
in  th^  calendar,  was  called  sexto  calendas  Martii  (the  sixtii 
of  the  calends  of  March),  the  intercalated  day  was  called  bis 
sexto  calendas  Martii^  the  second  sixth  of  the  calends  of 
Moreh,  from  being  reckoned  twice;  and  hence  the  year  of  in- 
tercalation had  the  q>pellation  of  Bissextile,  This  day  was 
chosen  at  Rome,  on  account  of  the  expulsion  of  Tarquin  fron 
the  throne,  which  happened  on  the  23rd  of  February.     We 
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also  iiitrodurc,  in  Lcap-Yoar,  a  new  day  in  the  same  month, 
aamely,  the  29th. 

Ch.  Is  there  anj  rule  for  distmguiahing  Leap- Year  from 
any  other? 

Fa.  Yes.  It  is  known  by  dividing  the  date  of  the  year  by  4. 
If  there  be  no  remainder,  it  is  Leap- Year.  Thiis^  1846,  di« 
'vicM  by  4,  leaves  a  remainder  of  2,  showing  tiiat  it  iss  the 
•eeood  year  after  Leap- Year.  These  two  Imes  contain  the 
nle: 

The  jevt  divide  bjr  4 ;  what  *»  left  will  be. 
If  LMp-Year,  0 ;  if  iwst,  1,  2,  or  3. 

.  Jo.  The  year,  however,  does  not  consist  of  365  days  and  6 
hoors^  but  of  366  days,  6  hours,  48  minutes,  and  51*6 
leconds.*     Will  not  this  occasion  some  error? 

Fa,  It  will:  and  by  subtracting  the  latter  number  from  the 
fiumer,  you  will  find  that  the  error  amounts  to  1 1  minutes 
and  1 1  seconds  every  year,  or  to  a  whole  day  in  about  1 30 
years:  notwithstanding  this,  the  Julian  year  continued  to  be  in 
general  use  till  1582,  when  Pope  Gregory  XJII.  undertook  to 
rectify  the  error,  wliich,  at  that  time,  amounted  to  ten  days, 
the  vernal  equinox  falling  on  the  11th  instead  of  the  2l8t  of 
March.  He  accordingly  directed  the  ten  days  between  the 
4th  and  15th  of  October  in  that  year  to  be  suppressed,  so  that 
the  5th  day  of  that  month  was  called  the  15th.  This  altera- 
tioD  took  place  through  the  greater  part  of  £urq>e  in  that 
year,  and  in  most  other  states  in  1710;  and  the  computation 
was  afterwards  called  the  Gregorian  or  New  Style.  In  this 
country,  the  method  of  reckoning,  according  to  the  New  Style, 
was  not  admitted  into  our  calendars  till  the  year  1752,  when 
the  error  amounted  to  nearly  1 1  days,  which  were  taken  from 
the  month  of  September,  by  calling  the  3d  of  that  month  the 
14th.  In  Russia  and  Greece,  however,  the  Old  or  Julian 
atyle  still  prevails:  the  distinctive  mark  is  O.S.  or  N.S. 

Ch,  By  what  means  will  this  accuracy  be  maintained? 

Fa.  The  error  amounts  to  one  whole  day  in  about  130 
years,  or  three  days  in  400  years;  and  it  was  settled  by  an  act 
of  parliament,  that  the  year  1800  and  the  year  1900,  which  ar^ 
according  to  the  rule  just  given.  Leap-years,  shall  be  com* 
pnted  as  common  years  of  only  365  days  in  each;  but  that  the 

*  See  ConrerMtion  IZ. 
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year  2000  shall  be  Leap^Year;  and  that  every  fourth  hun- 
dredth year  afterwards  should  also  be  reckoned  as  Leap- Years, 
80  that  in  2100,  2200,  2300  the  intercalary  day  is  suppressed, 
but  not  so  in  2400.  By  adhering  to  this  method,  the  present 
mode  of  reckoning  will  not  deviate  a  single  day  from  true 
time  for  5000  years. 

By  the  same  act  of  parliament,  the  beginning  of  the  year 
was  changed  by  law  from  the  25th  of  I^ATch  to  the  1st  of 
January.  So  that  the  succeeding  months  of  January, 
February,  and  March,  up  to  the  24th  day,  which  would,  by 
the  Old  Style,  have  been  reckoned  part  of  the  year  1752,  were 
accounted  as  the  three  first  months  of  the  year  1753.  From 
this  variation  in  the  computation  of  time,  we  may  easily  ac- 
count for  the  difierence  of  many  dates  concerning  historical 
facts  and  biographical  notices. 

Ch,  Why,  Papa,  has  this  the  name  oi Leap-Year f 
Fa,  The  appellation  is  derived  probably  from  the  leap  or 
start  occasioned  by  the  insertion  of  the  intercalary  day.    The 
term  intercalary  is  from  the  Latin  inter  "  between,"  and  calo 
''  to  calL" 

QUESTIONS  FOB  EXAMINATION 


Who  fixed  the  length  of  the  year  to 
366  da]rt  and  a  quarter?— What  is 
Leap-year  ?  —  What  it  the  meaning  of 
the  word  hUaextUef — What  new  day 
if  admitted  in  Leap-year? — What  is 
the  mle  for  finding  whether  the  present 
jrear  is  or  is  not  Leap-year  ?  —  Does  the 
year  consist  of  866  days  6  hours  exactly? 
—What  is  the  error,  and  in  how  long 


will  it  amount  to  a  day?  —  Who  ns 
ftrmed  the  Julian  year,  and  when  did 
the  alteration  take  place  in  the  greater 
part  of  Europe  ? —  When  was  the  *'  new 
8TTI.E**  adopted  in  England  ?  —  Is  any 
method  provided  to  maintain  accurate 
time?  — Did  the  legal  year  always 
hegin  on  the  1st  of  January  in  tUs 
country? 


CONVERSATION  XIV. 


OF   THE   MOON. 

Father,  You  are  now  acquainted  with  the  reasons  for  the 
division  of  time  into  days  and  years. 

Ch,  These  divisions  have  their  foundation  in  nature:  the 
former  depending  upon  the  rotation  of  the  earth  on  its  axis; 
the  latter  upon  its  revolution  in  an  elliptic  orbit  about  the  sun, 
as  a  centre  of  motion. 
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Ja.  Is  there  any  natural  reason  for  the  division  of  years  into 
ireeka,  or  of  days  into  hours,  minutes,  and  seconds? 

Fa.  The  origin  of  the  division  of  time  into  weeks  bus  by  tlie 
Eoerality  of  authors  been  assigned  to  the  Egyptians;  Dio 
ttssins  affirms  that  they  distinguished  this  period  of  seven  days 
f  the  names  of  the  seven  planets  then  known,  beginning  in 
_  te  order  of  th«ar  distance  from  the  eartli,  and  from  which 
rigin  their  present  names  are  derived;*  but  it  appeim  rather 
Intthis  must  havebeenaDivineappointment  descending  down 
D  US  from  the  creation  of  the  vrorld;  the  other  division  woa 
irented  entirely  for  the  convenience  of  mankind,  and  is  at' 
tirdingly  different  in  different  countries.  There  is,  however, 
Mother  division  of  time  marked  out  by  nature. 

Ch.  What  is  that.  Papa? 

Ta,  The  length  of  tlie  nion^.-  not  indeed  that  month  which 
(Nuista  of  four  weeks,  nor  that  by  which  the  year  is  divided 
Bto  12  parts.  These  are  both  arbitrary;  but  by  a  month  is 
leant  the  time  which  the  mo«n  takes  in  performing  her 
Kirney  round  the  earth. 

Ja.  How  many  days  does  the  naoon  require  for  this  pui-pose? 

Fa-  Your  question  involves  two  answers:  for  if  you  refer 
B  the  time  in  which  the  moon  revolves  from  one  point  of  the 
leavena  to  the  same  point  again,  it  ^insists  of  27  days,  7 
tours,  and  43  minutes;  this  is  called  iis  tropical  revolution 
nd  forms  the  periodical  aionth:  but  if  you  refer  to  the  time 
Kssed  from  the  new  moon  to  new  moon  again,  that  is,  from 
onjnnction  to  conjunction,  the  month  consists  of  29  days  12 
■ours  and  44  minutes;  this  is  called  the  tynodical  month. 

Ch.  Pray  explain  the  reason  of  this  difference. 

Fa.  It  is  occasioned  by  the  earth's  annual  motion  in  its 

orbil.     Let  us   refer  to  our  watch  for   illustnition.     The 

1  Iiands  are  together  at  twelve  o'clock.     Now,  when  the 
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mimtte-liand  has  made  a  complete  Terolntion,  are  they  together 
again? 

Ja.  No:  for  the  hoar-hand  is  adyanoed  the  twelfth  part  of 
its  revolution,  and  the  other  must  travel  five  minutes  more 
than  the  hour  to  overtake  it. 

Fa,  And  something  more;  for  the  hoor-hand  does  not  wait 
at  the  figure  1  till  the  other  oomes  up:  and  therefore  thej 
will  not  be  together  'tiU  between  5  and  6  minutes  after  one. 

Now  apply  this  to  the 
earth  and  moon.  Sup* 
pose  8  to  be  the  sun;  t  the 
earth  in  a  part  of  its  orbit 
Q  L;  and  E  to  be  the  posi- 
tion of  the  moon.  K  theC. 
earth  had  no  motion,  the 
moon  would  move  round 
its  orbit  e  h  c,  into  the  po- 
sition E  again,  in  27  days, 
7  hour3,  43  minutes;  but, 
while  the  moon  is  describ- 
ing her  journey,  the  earth 
has  passed  through  nearly  a  twelfth  part  of  its  orbit,  which 
the  moon  must  also  describe  before  the  two  bodies  come  again 
into  the  same  position  they  before  held  with  respect  to  the 
sun.  This  takes  up  so  much  more  time  as  to  make  her  sy« 
nodical  month  equal  to  29  days,  12  hours  and  44  minutes. 
Hence  the  foundation  of  the  division  of  time  into  months. 

There  are  also  three  other  revolutions  of  the  moon;  the 
Sidereal,  which  is  the  time  she  takes  in  proceeding  from  a 
fixed  star  till  she  returns  to  it  again:  and  which  difers  from 
the  periodic  in  only  7  seconds — the  Anomalistic,  which  is  the 
interval  from  peripjee  to  perigee,  or  from  the  nearest  point  of 
her  orbit  to  tli(i  ejirth,  to  the  same  point  again,  which  is 
longer  than  the  tropical  or  periodic,  yet  shorter  than  the  sy- 
nodic; and  the  Nodical,  which  is  the  interval  from  node  to 
node,  and  which  is  much  shorter  than  all  the  others.*     The 

*  To  be  more  aoourate —  Dayt. 

Ttie  Synodic  Itcrolution  OOmprilM  39'&8059. 
Sidereal  „  „  S7S2166. 

Tropical  ^  ^  27*83168. 

Anemalith'e     „  „  27*55460 

Nodical  „  „  17-21222. 


Fig.  11. 
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^/nodie  is  tTDm  the  Greek  *un  {avr)  "  together,"  and 
(o^m)  "  a  pathway;"  and  is  the  Rume  as  a  ^unar  month 
inHiUion.  Anomalistic  ia  from  anomalot  {UfuiuuXiii)  "  un- 
[oal  or  irregular."  Ferigee  is  from  jjeri  {fffpi}  ■'  near,"  and 
{yn)  "  the  earth." 

We  will  now  proceed  to  describe  some  other  partieularB  re- 
)  the  moon,  Bs  a  body  depending,  hke  the  earth,  on 
for  her  light  and  heat. 
Ch.  Does  the  muon  Hhine  with  a  borrowed  light  only? 
Fa.  CerlBinly:  for  otherwise,  if  she  were  a  luminous  body, 
the  snn,  she  would  always  ahiue  with  a  full  orb  as  the 
does.     Uo  you  remembei-  her  diameter  and  distance  from 

Td.  Her  diameter  is  about  2160  miles.  And  I  think 
(bit  she  \i  at  the  dbtance  of  about  237,000  milejt  from  the 
«Brtli. 

Fa.  The  sun  8,  (tig.  1 1 )  always  enlightens  one  half  of  the 
noon  e;  and  it  is  according  to  her  different  positions  in  her 
ectit  with  respect  to  the  earth,  we  perceive  either  her 
whole  enlightened  hemisphere,  or  a  part  of  it,  or  none  nt  all; 
far  culy  those  parts  of  the  enlightened  moon  are  visible,  at  t, 
wlueh  are  inclosed  within  the  orbit. 

Jo.  Then,  when  the  moon  is  at  b,  no  part  of  its  enlightened 
"i  visible  to  the  earth. 
,  Snrely  not:  it  is  then  nra  moon,  or  change,  for  it  is 
to  call  it  a  New  Moon  the  tirst  day  it  is  visible  to  the 
which  is  not  till  the  second  day  afttT  the  change.  And 
the  moon  being  then  in  a  line  between  the  sun  and  earth,  they 
vesaid  to  be  in  conjunction. 

Ch.  And  at  a,  all  the  illuminated  hemisphere  is  turned  to 
the  earth. 

Fa.  This  is  called^//  moon;  and  the  earth  being  then  be- 
tween the  sun  wid  moon,  they  are  said  to  be  in  opposition. 
The  enlightened  parts  of  the  little  figures  on  the  outside  of 
Ae  orbit  represent  the  appearances  of  the  moon  as  seen  by  a 
^>ectBtor  on  the  earth. 

Ja.  Ia  the  litUe  figure,  then,  opposite  B  wholly  dsfk,  to 
show  that  the  moon  is  invisible  nt  diange? 

Fa.  It  is:  and  when  it  is  at  f,  n  small  part  of  the  illnmi- 
nsted  hemisphere  is  visible;  and  therefore,  to  a  Bpect.ttor  at 
T,  it  appears  homed;  at  a,  one  half  of  the  enlightened  bemi- 
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Bphere  is  visible,  and  it  is  said  to  be  in  quadrature:  at  h, 
three-fourths  of  the  enlightened  piirt  is  visible  to  the  earth, 
and  it  is  then  said  to  be  giMiims:  and  at  a,  the  whole 
enlightened  face,  of  the  moon  is  turned  to  the  earth,  and 
it  is  said  to  h^JitU.  The  same  maj  be  said  of  the  rest;  but 
I  will  add  further,  that  the  horns  of  the  moon,  before  con- 
jonction  or  new  moon,  are  turned  to  the  £att:  but  after  con- 
junction thej  are  turned  to  the  West. 

CA.  I  see  the  figure  is  intended  to  Bhow  that  the  moon's 
orbit  is  elliptical.     Does  slie  also  turn  upon  her  axis? 

Fa.  She  does;  and  she  takes  the  some  time  exactly  for  her 
diurnal  rotation  as  in  completing  her  sidereal  revolution 
about  the  earth.  Consequendj,  though  every  part  of  the 
moon  is  successively  presented  to  the  sun,  yet  the  same  hemi- 
q)here  is  always  turned  to  the  earth.  This  is  known  by 
observation  with  good  telescopes:  the  different  phases  of  the 
moon  may  be  prettily  and  familiarly  illustrated  by  taking  a 
small  globe,  with  a  string  fastened  to  it,  and  swing  it  round 
the  head.  The  bead  will  represent  the  earth,  and  the  globe 
will  represent  the  moon  revolving  round  the  earth. 

Now  place  a  lamp  on  a  stand  as  high  as  the  head,  in  the 
centre  of  the  room,  to  represent  the  sun.  And  as  the  moon  re- 
volves round  us,  we  must  suppose  that  no  part  of  it  is  visible, 
except  so  much  of  its  surface  as  is  illuminated  by  the  lamp. 
It  is  then  evident,  that  when  the  moon  comes  between  us  and 
the  sun,  or  in  conjunction  with  it,  the  brightened  part  of  the 
moon  will  be  wholly  from  us,  and  will  disappear.  This  re- 
presents what  is  called  tiie  "  CaAHGK  of  the  Moon." 

As  the  moon  goes  forward,  the  illuminated  side  begins  to 
come  in  sight;  this  represents  the  "  New  Moon." 

When  the  moon  has  advanced  one  quarter  of  the  way  round 
from  the  Bun,  we  see  ene  half  of  the  illuminated  side;  this  re- 
presents the  moon  "  HalfFuU,"  and  what  is  called  her  "  First 

QUARTEB." 

Aa  the  moon  goes  on  in  her  orbit  the  enlightened  port  comes 
more  and  more  into  view,  till  it  is  exactly  on  tlie  opposite 
side  of  us  from  the  sun,  when  the  whole  of  the  enlightened 
part  will  be  towards  us:  this  represents  "  Full  Moon," 

A«  the  moon  proceeds  from  Opposition  through  the  other 
half  of  her  orbit,  the  enlightened  side  will  be  turned  more  and 
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mcoe  from  m,  till  it  comes  agaJD  into  conjunction,  which  re- 
jmseats  the  "  Charge,"  ae  before. 

When  the  moon  is  in  this  position,  and  in  a  direct  line 
between  the  eye  and  the  sun,  the  latter  is  in  "  Eclipse." 
When  the  moon  id  in  oppontion,  and  the  earth  ia  directly 
between  her  and  the  sun,  the  Moon  is  in  "  Eclipsk." 

Ja.  Is  the  length  of  a  Asj  and  night  in  the  moon  equal  to 
tnore  than  twenty-nine  days  and  a  half  of  ours? 

Fa.  Yes:  and  therefore,  as  the  length  of  her  year,  which 
ifl  measured  by  her  journey  round  the  sun,  is  eqnal  to  that  of 
onra,  she  can  have  but  about  twclie  days  and  one  third  in  a 
year.  Another  remarkable  circumstance  relating  to  the  moon 
ia,  that  the  hemisphere  next  the  earth  is  never  In  darknessi 
ios,  in  the  position  b,  when  it  is  turned  from  the  sun,  it  is 
iUaaunnted  by  light  reflected  from  the  earth,  in  the  same 
manner  as  we  are  enlightened  by  the  light  reflected  from  the 
moon.  But  the  other  hemisphere  of  the  moon  has  a  fort- 
night's light  and  darkness  by  turns. 

Ch,  C^  the  earth,  then,  be  considered  as  a  satellite  to  the 
moon? 

Fa,  It  would,  perhaps,  be  inaccurate  to  denominate  tho 
larger  body  a  satellite  to  the  smaller;  but,  with  regard  to 
affording  reflected  light,  the  earth  is  to  the  moon  what  the 
moon  is  to  the  earth,  and  subject  to  the  same  changes  of 
homed,  gibbous,  full,  &c. 

Ch.  But  it  must  appear  much  larger  than  the  moon. 

Fa.  The  earth  will  appear  to  the  inhabitants  of  the  moon 
about  13  times  as  large  as  the  moon  appears  to  ua.  When  it 
ifl  new  moon  to  us,  it  is,  if  I  may  use  the  expression, /if /^  earA 
to  them,  and  vice  verm. 

Ch.  What  is  meant  by  the  cycU  of  the  moon,  Papa? 

Fa.  The  word  c^cfe  from  the  Greek  cueUa,  {laishsii)  "  a 
(urclc,"  means  the  revolution  of  a  certain  period  of  time, 
which  at  its  close  recommences  and  proceeds  as  before,  and 
thus  perpetually:  there  b  the  cj/cle  of  the  sun,  and  the  cycle 
of  the  moon.  This  period,  with  respect  to  the  moon,  com- 
prises 1!)  Golar  years,  after  which  the  new  and  full  moons  fidl 
on  the  same  days,  year  after  year,  as  they  did  the  19  years 
before.  It  was  invented  by  Meton,  a  celebrated  astronomer 
of  Athens,  hence  it  has  been  also  called  the  Metonic  cycle. 
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J  a.  Is  the  moon,  then,  inhabited,  as  well  as  the  earth? 

Fa,  Thought  we  cannot  demonstrate  this  fact,  yet  there  are 
many  reasons  to  induce  us  to  believe  it:  for  the  moon,  though 
a  secondary  planet,  is  yet  of  considerable  size; — and  when 
viewed  through  a  good  telescope,  its  surface  appears  diversi- 
fied, like  that  of  the  eartii,  with  mountains  and  valleys.  The 
former  have  been  observed  by  Dr.  Herschel,  and  some  of 
them  he  has  estimated  to  be  a  mile  and  three  quarters  in  per- 
pendicular height.  The  situation  of  the  moon,  with  respect 
to  the  sun,  is  much  like  that  of  the  earth;  and,  by  a  rotation 
on  her  axis,  and  a  small  inclination  of  that  axis  to  the  plane 
«f  her  orbit,  she  enjoys,  though  not  a  considerable,  yet  an 
agreeable  variety  of  day  and  night  and  of  seasons.  To  the 
moon,  <mr  ^obe  must  appear  a  valuable  satellite,  undergoing 
the  same  changes  of  Uluminataon  as  the  moon  does  to  the 
earth.  The  sun  and  stars  rise  and  set  there  the  same  as  they 
do  here;  and  heavy  bodies  will  fall  by  the  attraction  of  gra- 
vitation on  the  moon  as  they  do  on  the  earth.  Hence  we  are 
led  to  conclude  that,  like  the  earth,  the  moon  also  is  inhabited 
Dr.  Herschel  discovered,  some  years  ago,  three  volcanoes 
burning  in  the  moon;  the  bright  spot,  named  Tycho,  in  her 
«outh-east  quarter,  he  considered  to  be  a  volcanic  crater  50 
miles  in  diameter,  and  16,000  feet  deep,  surrounded  by  broad 
terraces  within,  and  with  a  central  mountain  about  oOOO  feet 
high:  there  are  also  large  regions  perfectly  level,  but  no  large 
^seas  or  any  tracts  of  water  have  been  yet  observed  there; 
nor  is  the  existence  of  a  lunar  atmosphere  of  a  density  suf- 
ficient to  refract  rays  of  light  a  certainty.  Therefore  her  in- 
habitants must  materially  differ  in  their  constitution  from 
those  who  inhabit  the  earth;  that  of  all  the  celestial  bodies, 
next  the  sun,  the  moon  to  us  is  the  most  interesting.  That 
this  planet  is  inhabited  by  sensible  and  intelligent  beings, 
there  is  every  reason  to  conclude,  from  a  consideration  of  the 
varied  features  which  her  surface  presents;  and  of  the  general 
beneficence  of  the  Creator,  who  appears  to  have  left  no 
portion  of  His  material  creation  without  animated  existences, 
which  we  daily  witness  in  everything  around  us :  yet  to  our 
senses  her  surface  presents  no  appearance  of  vegetation,  or 
that  variation  indicative  of  a  change  of  seasons:  in  fact  all 
appears  solid,  desolate,  and  unfit  for  the  support  of  life, 
Animal  or  vegetable. 
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CONVERSATION  XT. 


CharUs.  Will  jou  now.  Papa,  explaintoiis  tbe  nature  and 
Canse  of  edipeee. 

Fa.  I  wiU,  with  great  pleasure.  Yon  must  obeerre,  then, 
that  eclipses  depend  upon  this  simple  principle:  that  all  opaqiM 
or  dark  bodies,  when  exposed  to  any  light,  whether  to  tba 
light  of  the  sun,  or  anj  other  body,  cast  a  shadow  behind  them 
in  an  opposite  direction. 

Ja.  The  earth,  being  a  body  of  this  kind,  rnnst  cast  a  very 
lai^  shadow  on  tbe  aide  opposite  to  tbe  sun. 

Fa.  It  does:  and  an  ecl^»e  of  the  moon  h^>-         ~~ 
pens  when  die  etirth,  t,  passes  between  the  sun,  s,  I 
and  the  moon,  m;  and  it  is  oocasioaed  by  the  t 
earth's  shadow  being  cast  oq  the  moon. 

Ch.  When  does  this  happen? 

Fa.  It  is  only  when  the  moon  is  at  full,  ot  in 
opptmtKM,  that  it  comes  within  tbe  shadow  of  the 
ear^ 

Ja.  Eclipses  of  the  mo<»t,  however,  do  not 
happen  every  time  it  is  fulL  What  is  the  reason 
(^this? 

Fa.  Because  the  orbit  of  the  laooa  does  not 
coincide  with  the  plane  of  tbe  earth's  ortnt;  bnt      Hg.  is 
one  half  of  it  is  elevated  about  five  delves  and  a  third  itbon 
it,  and  the  odter  half  is  as  much  be^  it:  tfaerefont  nnleM 
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the  full  moon  happen  to  occur  in  or  near  one  of  the  nodes, 
that  is,  in  or  near  the  points  in  which  the  two  orbits  intersect 
each  other,  she  will  pass  above,  or  below  the  shadow  of  the 
earth;  in  which  case  there  can  be  no  eclipse. 

Ch.  What  is  the  greatest  distance  from  the  node  at  which 
an  eclipse  of  the  moon  can  happen? 

Fa.  There  may  be  an  eclipse,  if  the  moon,  at  the  time 
when  she  is  full,  is  within  12  degrees  from  the  node;  and 
there  must  be  if  she  is  within  7  degrees;  and  the  eclipse  will 
be  partial^  or  totaly  acceding  as  a  part,  or  the  whole  disk,  or 
face,  of  the  moon  falls  within  the  earth's  shadow.  If  the 
eclipse  happen  exactly  when  the  moon  is  full  in  the  node,  it 
is  dlled  a  central  eclipse;. and  the  centres  of  the  sun,  earth, 
and  moon,  are  then  in  one  straight  line. 

Ja,  I  suppose  the  duration  of  the  eclipse  lasts  all  the  time 
that  the  moon  is  passing  through  the  shadow. 

Fa,  It  does:  and  you  may  observe  that  the  shadow  is  con- 
siderably wider  than  the  moon's  diameter;  and  as  the  moon 
takes  about  an  hour  to  pass  over  a  space  equal  to  her  dia- 
meter, so  therefore  an  eclipse*  of  the  moon  lasts  sometimes  up- 
wards of  two  hours.  The  shadow  also,  you  perceive,  is  of  a 
conical  shape,  and  consequently,  as  the  moon's  orbit  is  an 
ellipse  and  not  a  circle,  the  moon  will,  at  diiferent  times,  be 
eclipsed  when  she  is  at  different  distances  from  the  earth. 

Ch,  And  in  proportion  as  the  moon  is  nearer  to  or  farther 
from  the  earth,  the  eclipse  will  be  of  a  greater  or  less  dura- 
tion; for  the  shadow,  being  conical,  becomes  less  and  less,  as 
the  distance  from  the  body  by  which  it  is  cast  is  greater. 

Fa,  It  is  by  knowing  exactly  at  what  distance  the  moon  is 
from  the  earth,  and  of  course  the  width  of  the  earth's  shadow 
at  that  distance,  that  all  eclipses  are  calculated,  with  the 
greatest  accuracy,  for  many  yeara  before  they  happen.  Now, 
it  is  found  that  in  all  eclipses,  the  shadow  of  the  earth  is 
conical,  w^hich  is  a  proof  that  the  body  by  which  it  is  pro- 
jected is  of  a  spherical  form;  for  no  other  sort  of  figure  would, 
in  all  positionsy  cast  a  conical  shadow.  This  is  mentioned  as 
another  evidence  that  the  earth  is  a  spherical  body.  It  is 
moreover  found  that  the  earth's  shadow  extends  216  times  the 
length  of  its  radius,  and  consequently  far  beyond  the  orbit  of 
the  moon;  and  the  apparent  diameter  of  tlie  conical  shadow 
at  the  mean  distance  of  the  moon  is  about  V  23',  so  that  if 
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happens  to  l)e  in  the  plane  of  the  ecliptic,  when  fuU, 
3  lunar  disk  will  be  involved  in  the  earth's  shadow, 
setiins  to  me  tu  prove  another  thing;  vie.  that  the 
Biin  must  be  a  larger  body  than  the  earth. 

Fa.  Your  conclusion  is  just:  for  ""'" 

if  the  two  bodies  were  equal  tu  c 
KDiotber  (6g.  13)  the  shadow  would  | 
t>e  cjUndrical;  and  if  the  earth  were 
Uie  larger  body  (flg.  14)  ita  shadow 
-would  be  of  the  figure  of  a  cone,  which 
bad  lost  its  vert^  and  the  farther  it  y 

»Were  extended  the  larger  would  it  be- 
come.    In  either  ca«e  it  would  run  out 
to  an  infinite  space,   and  accordingly 
mast  Boroetimcs  involve  in  it  the  other  planets;  which  is  con- 
trary to  fact.     Therefore,  since  the  earth  is  ni.-ither  larger 
tlun,  nor  equal  to,  the  sun,  it  must  be  the  leaser  body. — We 
Tifill  now  proceed  to  the  eclipses  of  the  sun. 
Ch.  How  are  these  occasioned? 
Fa.  An  eclipse  of  the  aun  hap-  ^      ^ 
■  ■pens  when  the  moon,  u,  passing/" 
\'  between  the  sun,  s,  and  the  earth,  ( 
r,  intercepts  the  sun's  light. 

Ja.  The   sun,    then,    cnn    be   V__^ 
eclipsed  only  at  the  new  moon.  Fig.  i 

Fa.  Certainly;  for  it  is  only  when  the  moo: 
iunelion,  that  it  can  pass  directly  between  the  ai 
Ch.  It  is  only  when  the  moon,  at  her  conjun 
one  of  its  nodes,  and  the  centres  of  the  a 
ore  in  one  etraight  line,  that  there  can  t 
Bun? 

Fa.  An  eclipse  of  the  aun  depends  upon  this  circumafanee: 
for  unle,ss  the  moon  is  in,  or  near,  one  of  its  nodes,  she  cannot 
appear  in  the  same  plane  with  the  sun,  or  seem  to  pass  over 
his  disk.  In  every  other  part  of  the  orbit,  she  will  appear 
above  or  below  the  sun.  If  the  moon  be  m  one  of  the  nodes, 
6he  will,  in  most  cases,  eoter  the  whole  disk  of  the  sun,  and 
produce  a  lolal  eclipse:  if  she  be  anywhere  within  about  Ifi 
degrees  of  a  node,  a  partial  eclipse  wiU  be  produced. 

The  sun's  diameter  is  supposed  to  be  divided  into  12  equal 
puts,  called  digiU;  and  in  every  partial  eclipse,  Bo  many  ot 
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these  parts  of  the  sun's  diameter  as  the  moon  eovers  are  said 
to  be  eclipsed;  and  this  is  formed  not  by  the  perfect  conical 
shadow  in  wbidi  the  eclipse  would  be  total,  but  by  the 
penumbra;  from  the  Latin  pene  *'  almost"  and  umbra  ^^  a 
shadow." 

Ja.  I  have  heard  of  annukir  eclipses.  What  are  thej^ 
Papa? 

Fa.  When  a  ring  of  light  appears  round  the  edge  of  the 
moon  during  an  eclipse  of  the  sun,  it  is  said  to  be  annular, 
from  the  Latin  word  annulus^  *^  a  little  ring:"  these  kinds  of 
eclipses  are  occasioned  by  the  moon  being  at  her  greatest  dis- 
tance from  the  earth  at  the  time  of  an  eclipse;  because,  in  that 
aitsation,  the  yertex  or  tip  of  the  cone  of  the  moon's  shado«ir 
does  not  reach  the  surface  of  the  earth:  but  when  the  moon's 
shadow  extends  beyond  the  earth's  surface,  its  intersection 
with  the  surface  marks  out  a  circular  spot,  within  which  no 
part  of  the  sun's  disk  is  visible,  and  there  is  a  total  eclipse. 

Ch.  How  long  can  an  eclipse  of  the  sun  last  ? 

Fa,  A  total  eclipse  of  the  sun  is  a  very  curious  and  un- 
conmion  spectacle  ;  and  total  darkness  cannot  last  more  than 
three  or  four  minutes.  Of  one  that  was  observed  in  Por- 
tugal, about  200  years  ago,  it  is  said  that  the  darkness  was 
greater  than  that  of  n^it ;  that  stars  of  the  first  magnitude 
were  visible,  and  that  the  birds  were  so  terrified,  that  they 
fell  to  the  ground. 

«/a»  Was  this  visible  only  at  Portugal  ? 

Fa.  There  is  no  doubt  but  it  was  witnessed  in  countries 
adjacent  The  moon,  being  a  body  much  smaller  than  the 
earth,  and  having  also  a  conical  shadow,  can  with  that  shadow 
only  cover  a  small  part  of  the  earth;  whereas  an  eclipse  of 
the  moon  may  be  seen  by  all  those  that  are  on  that  hemi- 
sphere which  is  turned  towards  it.  (Fig.  15  and  12.)  You 
will  also  observe  that  an  eclipse  of  the  sun  may  be  total  to 
the  inhabitants  near  the  middle  of  the  earth's  disk,  and  annular 
to  those  in  places  near  the  edges  of  the  disk;  for,  in  the 
former  case,  the  moon's  shadow  will  reach  the  earth;  and  in 
the  latter,  on  account  of  the  earth's  sphericity,  it  will  not. 

C7i.  Have  not  eclipses  been  esteemed  as  omens  presaging 
some  direful  calamity. 

Fa.  Yes;  until  the  causes  of  these  appearances  were  dis- 
<x>Tered,  they  struck  with  terror  and  dismay  the  generaHly  of 
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the  people,  then  {bunged  into  the  grosfiesl  ignorance  and 
barbarism-:  but  thej  were  taken  advantage  of  by  the  priests 
of  pagan  times,  whose  superior  learning  led  them  to  compre- 
hend in  some  degree  their  causes,  to  establish  their  supersti- 
tions and  idolatry,  and  to  uphold  their  pre-emin«ice  and 
power. 

QUESTIONS  FOB  EXAMINATION. 


UpoD  what  do  eclipses  depend  ?  — 
When  does  an  eclipse  of  the  moon  hap« 
pen  ? —  What  is  the  reason  that  eclipses 
of  the  moon  do  not  always  happen 
when  the  moon  is  fhll  ?  —  In  what  case 
will  there  he  no  eclipse  at  the  time  of 
ftall  moon  ? — What  is  a  central  eclipse  ? 
—  How  long  does  an  eclipse  of  the 
moon  last  ?  —  Of  what  shape  is  the 
sfaadow  of  the  earth  ?  —  What  things 
are  necessary  to  he  known  in  calcula- 
ting an  eclipse  of  the  moon  ? — Bow  is 
it  proved  that  the  son  is  larger  than 


the  eartii ?-~  When  doaa  an  eclfpee  of 
the  son  hai^n  ?— Upon  what  does  an 
eclipse  of  the  sun  depend?  —  When 
will  there  be  a  total  and  when  a  partiai 
eclipse  ?  —  What  is  meant  by^  an  «»» 
nular  eclip^  ? —  How  long  can  a  total 
eclipse  of  the  snn  laat?  —  Are  total 
eclipses  common?  —  Explain  hj  flgiL 
15  and  12  bow  an  eclipse  of  the  eon 
may  be  total  to  the  inhabitanti  naac 
the  middle  of  the  earth's  disk,  and  an- 
nular to  some  otben. 


CONVERSATION    XVI 


OF  THE  TIDES. 


FeUher,  We  will  proceed  to  the  consideration  of  the  Tidtt^ 
0f  the  flowing  and  ebbing  of  the  ocean. 

Ja»  Is  this  subject  connected  with  astronomj? 

Fa.  It  is:  inasmuch  as  the  tides  are  occasioned  by  the  at- 
traction of  the  sun  and  moon  upon  the  waters;  particularly 
by  that  of  the  latter.  You  will  readily  conceive  that  the  tides 
«u*e  dependent  upon  some  known  and  determinate  laws; 
because,  if  you  turn  to  the  Ephemeris,  or  indeed  to  almost 
any  Almanac,  you  will  see  kid  down  the  exact  time  of  high 
water  at  London-bridge  and  at  certain  of  our  sea-ports. for 
every  day  in  the  year. 

Ch,  I  have  frequently  wondered  how  this  could  be  known 
with  such  a  degree  of  accuracy:  indeed,  there  is  not  a  water-* 
man  that  plies  at  the  river  but  can  readily  tell  when  it  will 
be  high  water. 

Fa,  The  generality  of  the  watermen  are  probably  ignorant 
of  the  cause  by  which  the  waters  flow  and  ebb;  but  by  experi- 
ence they  know  that  the  time  of  high  water  differs,  on  each 
day,  about  three  quarters  of  an  hour,  or  a  little  more  or  less; 


^ 


160  A8TR0N0MT. 

and  therefore,  if  it  be  high  water  to-day  at  six  o'clock,  thej 
will,  at  a  guess,  tell  you,  that  to-morrow  the  tide  will  not  be 
vp  till  a  quarter  before  seven. 

•/a.  Will  you  explain  the  cause? 

Fa.  I  will,  and  it  shall  be  my  endeavour  to  do  this  in  an 
easy  and  concise  manner,  without  fatiguing  your  memory 
with  too  great  a  variety  of  particulars.  You  must  bear  in 
mind,  then,  that  the  tides  are  occasioned  by  the  attraction  of 
the  sun  and  moon  upon  the  waters  of  the  earth.  Perhaps  a 
figure  may  be  of  some 
assistance  to  you. 
Let  apln  be  sup- 
posed the  earth,  c  its 
centre:  let  the  dotted 

circle  represent  a  mass  

of  water  covering  the  S?rn::^> 

earth:  let  m  be  the  Fig.  i6. 

moon  in  its  orbit,  and  8  the  sun. 

Since  the  force  of  gravity  or  attraction  diminishes  as  the 
squares  of  the  distances  increase,*  the  waters  on  the  side  a 
are  more  attracted  by  the  moon,  m,  than  the  central  parts  at 
c;  and  the  central  parts  are  more  attracted  than  the  waters 
at  /;  consequently  the  waters  at  /  will  recede  from  thence. 
Therefore,  while  the  moon  is  in  the  situation  m,  the  waters 
will  rise  towards  a  and  h  on  the  opposite  sides  of  the  earth. 

Fa,  You  mean  that  the  waters  will  rise  at  a  by  the  imme- 
diate attraction  of  the  moon  m,  and  will  rise  at  h  by  the  centre 
r,  receding  and  leaving  them  more  elevated  there. 

Fa.  Just  so.  It  is  evident  that,  the  quantity  of  water 
being  the  same,  a  rise  cannot  take  place  at  a  and  6,  without 
the  parts  at  p  and  n  being  at  the  same  time  depressed. 

«7a.  In  this  situation  the  water  may  be  considered  as  par- 
taking of  an  oval  form. 

Fa.  J£  the  earth  and  moon  were  without  motion,  and  the 
earth  entirely  covered  with  water,  the  attraction  of  the  moon 
would  raise  it  up  in  a  heap  in  that  part  of  the  ocean  to  which 
tne  moon  is  vertical,  and  there  it  would  always  continue: 
but  by  the  rotation  of  the  earth  on  its  axis,  each  part  of  its 
surface  to  which  the  moon  is  vertical  is  presented  twice  a 
day  to  the  action  of  the  moon;  and  thus  are  produced  two 
floods  and  two  ebbs. 

See  p.  27. 


a.  How  twice  a  da^? 

J-ii.  Id  tbe  position  of  the  earth  and  moon,  as  it  is  in  our 
figure,  the  waters  are  raised  at  a  by  the  direct  attractioo  of 
the  moon,  and  a  tide  is  accordingly  produced  :  but  whea  by 
the  earth's  rotation,  a  comes,  12  hours  afterwards,  into  the 
position  I,  another  tide  is  occasioned  by  the  receding  of  the 
vaters  there  ftum  the  centre. 

Ja,  You  have  told  us  that  the  tides  are  produced  in  those 
parts  of  the  earth  to  which  the  moon  is  vertical;  but  this 
effect  b  not  confined  to  those  parts. 

Fa.  It  is  not:  but  there  the  attraction  of  the  moon  has  the 
greatest  effect.  In  all  other  parts  her  force  is  weaker,  because 
it  acts  in  a  more  oblique  direction. 

Ch.  Are  there  two  tides  in  every  24  hours? 

Fa.  If  the  moon  were  stationary,  this  would  be  the  case; 
but  because  that  body  is  also  proceeding  every  day  about  13 
degrees  &om  west  to  east  iu  her  orbit^  the  earth  must  make 
iDore  than  one  revolution  on  its  axis  before  the  some  meridian 
comes  in  conjunction  with  the  moon;  and  hence  two  tides 
take  place  in  about  24  hours  and  50  minutes. 

Ja,  But  the  tides  rise  higher  at  some  seasons  than  at  others. 
Eow  do  you  account  for  tlmt? 

Fa.  The  moon  goes  round  the  earth  in  an  elliptical  orbit, 
and  therefore  she  approaches  nearer  to  the  earth  in  some  parts 
cf  her  orbit  than  in  others.  When  she  b  nearest,  the  at- 
traction is  the  strongest,  and  consequently  the  tides  are  highest; 
«nd  when  she  is  farthest  from  the  earth  her  attraction  is  the 
least,  and  the  tides  therefore  the  lowest. 

Ch.  You  said  that  the  aun's  attraction  occasioned  tides,  as 
well  as  that  of  the  moon. 

Fa.  It  does:  but,  owing  to  the  immense  distance  of  the 
9un  from  the  earth,  it  produces  bat  a  smaJl  effect  in  comparison 
with  the  moon's  attraction.  Sir  Isaac  Newton  computed  that 
the  force  of  the  moon  raised  the  waters  in  the  ocean  10  feet, 
whereas  tliat  of  the  sun  raised  it  only  two  feet.  When  tho 
Kttraction  of  both  sun  and  moon  acts  in  the  same  direction 
(that  is,  at  new  and  full  moon)  the  combined  forces  of  both 
the  tide  12  feet:  but  when  the  moon  is  in  her  quarters, 
Lttraclion  of  one  of  these  bodies  raises  the  water  where 
tiiat  of  the  other  depresses  it;  and  therefore,  Ihe  smaller  force 
•t  the  son  must  be  snbtracted  tirom  that  of  the  moon  ;  codm- 
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auentlj,  the  tides  will  not  be  more  than  8  feet  The  hightot 
ides  are  called  Jprtfi^-tidesy  and  the  lowest  are  denominated 
neap-tides:  the  greatest  height  the  tide  has  been  known  to  rise 
is  about  100  feet. 

Ja,  I  understand  that,  in  the  former  case,  the  height 
to  which  the  tides  are  raised  must  be  calculated  bj  addvig 
together  the  attractions  of  the  suii  and  moon;  and  in  the  latter, 
it  must  be  estimated  bj  the  difference  of  these  attractions. 

Fa,  You  are  right.     When  the  sun  and  moon  ore  both 

vertical  to  the  equator  of  the  earth,  and  the  moon  at  her  least 

cBstance  from  the  earth,  then  the  tides  are  highest. 

Ch,  Then  the  highest  tides  happen  at  the  Equinoxes? 

Fa.  Strictly  speaking,  these  tides  do  not  happen  till  some 

little  time  after;  because  in  this,  as  in  other  cases,  the  actions  do 

not  produce  the  greatest  effect  when  they  are  at  the  strongest, 

but  some  time  afterwards:  thus  the  hottest  part  of  the  day  is 

not  when  the  sun  is  in  the  meridian,  but  at  two  or  three 

o'clock  in  the  afternoon.     Another  circumstance  must  be 

taken  into  consideration:  the  sun  being  nearer  to  the  earth  in 

winter  than  in  summer,  it  is  of  course  nearer  to  it  in  February 

and  October,  than  in  March  and  September;  and  therefore, 

all  these  reasons  being  put  together,  it  will  be  found  that  the 

greatest  tides  happen  a  little  before  the  vernal,  and  some  time 

after  the  autumnal,  £quinoxes. 

Ja.  To  whom  are  we  indebted  for  an  insight  into  the 
nature  of  tides? 

Fa.  Although  the  cause  of  the  tides  was  known  to  the 
ancients,  yet  it  was  first  rationally  explained  by  Kepler,  and 
Afterwards  more  fully  by  Sir  Isaac  Newton,  who  solved,  in 
his  Principia,  many  difficulties  on  the  subject,  which  before 
were  thought  inexplicable;  and  explained  many  of  the  prin- 
ciples upon  which  the  phenomena  of  the  tides  depend,  which 
have  subsequently  been  improved  upon  by  Maclaurin,  Laplace, 
Dr.  Yoiuig,  and  more  recently  by  Dr.  Whewell,  of  Cam- 
bridge. 

Ch.  Are  the  tides  of  equal  height  in  every  locality? 

Fa.  By  no  means;  the  height  is  affected  by  various  cir- 
cumstances; in  deep  gradually  contracting  indentations  of  the 
shore,  the  tide  rises  most  considerably;  in  the  Bristol  Channel, 
in  the  bay  of  Fundy,  and  in  that  of  St  Malo,  the  tide  has  been 
luiown  to  rise  100  feet.    At  Chepetow,  opposite  the  Brigtol 
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(Suiuiel)  the  difference  between  high  and  low  water  mark 
Sveregee  60  feet;  at  Bristol,  the  average  in  33  feet;  iit  the 
.pondoa-docks,  22  feet;  at  Liv«rpool,  15-5  feet;  at  Pons- 
■ooutli  and  Pljmouth,  12-5  feet ;  in  the  middle  of  the  Pacific, 
and  on  certain  parts  of  the  aouth-east  coast  of  Ireland,  the 
average  is  but  2  or  3  feet;  while  in  the  Medilerrauean  and 
IB  the  BUck  Sea  the  tides  are  scarcelj  to  be  discerned.  The 
irind,  and  atmospheric  presaure  also  malerially  affe«t  the 
flowing  of  the  tidos.  Sir  J.  Lubbock  afiuTos,  that  at  Gniiu- 
boroagh,  25  miles  up  the  Trent,  during  the  violent  burriciuie 
t£Jnaiisry  8,  1839,  there  wils  no  tide  at  oil,  a  circumstance 
unknown  before;  nnd  in  other  plaees  under  the  influence  of 
Ugh  and  eontinuoua  winds,  the  tides  hove  wonderfully  Med, 
wonderfullyyfoioerf.  In  regard  to  atmospheric  pressure, 
at  Brest  the  height  of  high-wafer  varies  inversely  aa  the 
.idglit  of  the  barometer;  at  Liverpool,  a  fall  of  I-lOth  in  the 
l.^arometer  corresponds  to  a  rise  in  thi  Mersey  of  about  uq 
^tch:  and  a  like  fall  at  the  London-docks  coiTespomls  to  a 
rise  of  7-lOUis  in  the  Thames:  and  so  of  other  places,  a  low 
Imrumeter  effecting  high  tides,  and  a  high  barometer  low 
tides. 

QUESTIONS  FOR  EXAMINATION. 

Upiiavhat  do  the  lidei  df  pcal  ?  —  I  tidei  are  liifiLicst  ?  —  An  tliera  high 

Vhtt  iichocWIrdifl-onnHiD  titdeln     tltlea  In  l.ht  M«llt<^moeBD  ?  — Where 

~~1iinlcr?  — Explain  to  tat  by  %.     do  they  rite  33  fcM  highl'  — HaaUN 

bow  thi  tidei  an.'  oceaHaned, —    euh  or  ttiH  nunn  the  grealor  eOeet  la 

IT  atlcn  are  there  tide*? —  Why  arc  I  producing  tides,  uid  why  ? — What  an 

t«  not  two  UdM  in  24  houn  ?—  In  i  I'le  highMl.  and  what  tlic  low»t  Udtt 

re  any  dlO^rence  in  the  lidghlo  to  i  cvllt'd?  — VV 

Wch  the  tidta  liw  with  reganl  to  the  ] 

■WgM  of  Uie  year?  —  In  what  po!l- 

ftgo  an  the  earth  and  moon  when  Che  I 


CONVERSATION   XVIL 

OF    THE    HARVEST-MOON. 

Father,  From  what  we  said  yesterday  you  will  easily 
i|nderstand  the  reason  why  the  moon  ri^ea  about  three -quorterB 
9f  an  hour,  or  rather  52  minutes  later  every  day  than  on 

one  preceding. 

'2h.    It  is  owing  to  the  daily  progress  which  the  moon  ia 
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making  in  her  orbit;  on  which  account  any  meridian  on  the 
earth  must  make  more  than  one  complete  rotation  on  its  axis 
before  it  comes  again  into  the  same  situation  with  respect 
to  the  moon,  that  it  had  before.  And  jou  told  us  that  this 
occasioned  a  difference  of  about  52  minutes. 

Fa,  At  the  equator  this  is  generallj  the  difference  of  time 
between  the  rising  of  the  moon  on  one  daj  and  that  preced- 
ing. But  in  places  of  considerable  latitude,  as  that  in  which 
we  live,  there  is  a  remarkable  difference  about  the  time  of 
harvest,  when,  at  the  season  of  full  moon,  she  rises,  for  several 
nights  together,  only  about  15  or  20  minutes  later  on  the  one 
day  than  on  that  immediately  preceding.  By  thus  succeed- 
ing the  sun  before  the  twilight  is  ended,  the  moon  prolongs  the 
light,  to  the  great  benefit  of  those  who  are  engaged  in  gather- 
ing in  the  fruits  of  the  earth:  hence  the  full  moon  at  this 
season  is  called  the  harvest-moon.  It  is  believed  that  this 
was  observed  by  persons  engaged  in  agriculture  at  a  much 
earlier  period  than  it  has  been  noticed  by  astronomers:  the 
former  ascribed  it  to  the  goodness  of  the  Deity;  not  doubting 
that  he  had  so  ordered  it  purposely  for  their  advantage. 

«7a.  But  the  people  at  the  equator  do  not  enjoy  this 
advantage. 

Fa.  Nor  is  it  necessary  that  they  should;  for,  in  those 
parts  of  the  earth,  the  seasons  vary  but  little,  and  the  weather 
changes  but  seldom,  and  at  stated  times;  to  them,  then, 
moon-light  is  not  wanting  for  gathering  in  the  fruits  of  the 
earth. 

Ch,  Can  you  explain  how  it  happens  that  the  moon,  at  this 
season  of  the  year,  rises  one  day  after  another  with  so  small 
a  difference  in  regard  to  time  ? 

Fa,  With  the  assistance  of  a  globe  I  could  at  once  clear 
iway  the  difficulty.  But  I  will  endeavour  to  give  you  a 
general  idea  of  the  subject  without  that  aid.  That  the  moon 
V)8es  more  time  in  her  rising  when  she  is  in  one  part  of  her 
orbit,  and  less  time  in  another,  is  occasioned  by  her  orbit 
being  sometimes  more  oblique  to  the  horizon  than  at  others. 

t/a.  But  the  moon's  path  is  not  marked  on  the  globe. 

Fu,  It  is  not.  You  may,  howevef,  consider  it,  without 
much  error,  as  coinciding  with  the  ecliptic:  and  to  the  lati- 
tude of  London,  as  much  of  the  ecliptic  rises  about  Pisces  and 
Aries,  in*  two  kours,  as  the  moon  goes  through  in  six  days. 
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tbereftae,  while  the  moon  is  in  these  signs,  she  difier^  but 
two  hours  in  rising,  for  six  daya  together;  that  is,  on  the 
tveroge  of  about  16  or  20  minutes  later  every  daj  than  on 
Ibat  preceding. 

Ch.  Is  the  moon  in  those  sigos  at  the  time  of  harvest  ? 

Fa.  In  August  and  September  you  know  that  the  sun  ap- 
pears in  Viigo  and  Libra,  and  of  course,  when  the  moon  is 
fiili,  she  must  be  in  the  opposite  signs:  viz..  Pieces  and  Aries, 

Ja.  Then  there  are  two  periods  of  full  moons  that  afford 
98  this  advantage  ? 

Fa.  There  are:  the  one  when  the  sun  is  in  Virgo,  which 
is  ealled  the  harvett  moon;  the  other,  when  the  sun  is  in 
Idbra,  and  which,  comparatively  speaking,  is  less  important, 
Is  called  the  hunter's  moon.  You  must  know,  however,  that 
when  the  moon  is  in  Virgo  and  Libra,  she  then  rises  with  the 
greatest  difference  of  time;  viz.  an  hour  and  quarter  later 
.  every  day  than  the  former. 

Ch.  Will  you  explain.  Papa,  how  it  is  tlmt  the  people  at 
the  equator  have  no  harvest-moon  ? 

Fa.  At  the  equator,  the  nortti  and  south  polea  lie  in  the 
liorizon;  and  therefore  the  ecliptic  makes  the  same  angle 
Bouthward  with  the  horizon,  ^en  Aries  rises,  na 
northward  when  Libra  rises;  but  as  the  hnrvest-n 
pends  npon  the  different  angles  at  wiiicii  different  parts  of 
the  ecliptic  rise,  it  is  evident  there  con  be  no  harvest-moon 
st  the  equator. 

The  farther  any  place  is  from  the  equator,  if  it  be  not 
beyond  the  polar  drctes,  the  angle  which  the  ecliptic  makes 
irith  the  horizon,  when  Pisces  and  Aries  rise,  gradually 
diminishee;  and  therefore,  when  the  moon  is  in  these  signs, 
she  rises  with  a  nearly  proportionable  difference  later  every 
day  than  on  the  former;  and  this  is  more  remarkable  about 
the  time  of  full  moon. 

Ja.  Why  have  you  excepted  the  space  on  the  globe  be- 

»yond  the  polar  cirdes  ? 
Fa.  At  the  polar  circles,  when  the  sun  touches  the  summer 
tropic,  be  continues  24  hours  above  the  horizon,  and  24 
hours  below  it  when  he  touches  tlie  winter  tropic.  For  the 
name  reaaon  the  full  moon  neither  rises  iu  the  summer,  when 
she  is  not  wanted,  nor  seta  in  the  winter  when  her  presencfl 
These  are  the  only  two  full  moona  which 
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hmppea  about  tbe  tropmz  for  aD  llie  odnen  rise  and  aet  In 
aomiiier,  the  fUQ  mooos  are  low,  wmd  tlwir  staj  abofe  the 
homtm  short:  in  winter  thej  are  high,  and  tiieir  staj  knger 
above  the  horizon.  A  wondaiiil  di^Jaj  is  here  preaeaicd  to 
us  of  the  diTine  wisdom  and  goodneaa^  in  apportioiung  the 
qnantitj  of  hgfat  to  the  yarioos  neoessitieB  of  the  inhabitants 
of  the  earth,  according  to  their  different  situations. 

Ch.  At  the  poles  the  drcamstanceSy  I  soppose^  are  still 
difRfirent. 

Fa,  There  one  half  of  the  ecliptic  never  sets,  and  the 
other  half  never  rises;  consequently  the  son  oontinoea  one 
half  jear  above  the  horizon,  and  the  other  half  below  it.  The 
fbn  nxxm,  being  always  c^poeite  to  the  son,  can  never  be 
seen  to  the  inhabitants  of  the  polesy  while  the  son  is  above 
the  horizon:  bnt,  all  the  time  that  the  son  is  below  tile 
horizon,  the  foU  moon  never  sets:  oonsequentlj  to  them  the 
fall  moon  is  never  visible  in  summer;  and  in  their  i^Hnter 
they  have  her,  always  before  and  after  the  fuU,  shining,  for 
14  of  our  days  and  nights,  without  intermission:  and  when 
the  sun  is  depressed  the  lowest  under  the  horizon,  then  the 
moon  ascends  with  her  highest  altitude. 

Ja.  This  indeed  exhibits,  in  a  high  degree,  the  beneficence 
of  the  Almighty  to  all  his  creatures.  But,  if  I  understand 
you,  the  inhabitants  of  the  poles  have,  in  their  winter,  a 
fortnight's  light  and  darkness,  by  turns. 

Fa,  This  would  be  the  case  for  the  whole  six  months  thai 
the  sun  is  below  the  horizon,  if  there  were  no  refi*action,* 
and  no  substitute  for  the  light  of  the  moon:  but  by  the  atmo- 
sphere's refracting  the  sun's  rays,  he  becomes  visible  a  fort- 
night sooner,  and  continues  a  fortnight  longer  in  sight  than 
he  would  otherwise  do,  were  there  no  such  property  be- 
longing to  the  atmosphere.  And  in  those  periods  of  the 
winter,  when  it  would  be  absolutely  dark  in  the  absence  of 
the  moon,  the  brilliancy  of  the  Aurora  Borealis  is  so  great 
as  to  afford  a  very  comfortable  degree  of  light.  Mr.  Heame, 
in  his  travels  near  the  polar  circle,  makes  the  following  re- 
mark in  his  Journal:  "  December  24.  The  days  were  so 
short,  that  the  sun  only  took  a  circuit  of  a  few  points  of  the 
compass  above  the  horizon,  and  did  not  at  its  greatest  alti- 

*  The  inl^leet  of  raflnctkHi  will  be  yrerj  partioularly  explAined  when  we  cone 
toOpfks. 
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tide  rise  luJf  wa^  up  the  trees.  The  brilliaccy  of  the  Aurora 
Sorealis,  however,  aiid  of  the  stars,  even  without  the  assist- 
of  the  moon,  made  amends  for  this  deliciencj;  for  it 
frequently  bo  light  all  night,  that  I  could  see  to  rend 

QUESTIONS  FOR  EXAMINATION. 

the  buntci't  moon  !—  Why  hnre  tSw 
people  nt  Ui«n|aiitoTnohuTi?rt-iDoon? 
—  To  whom  !■  the  biurvnEt-moon  BiofC 
nniiirkiUi?~Wh7  ii  then  no  bn- 
■nt-muon  to  Uiok  irbo  lire  wJtbin  the 

TChat  hnppens  remarkiible  M  the  poto 
with  Ttgird  to  the  ntn  and  raooo  f  — 
Fa  there  mny  anbitJtaU  Ibr  the  ll^t  of 
Uk  mooD  to  the  InhibituitB  at  the 
polei,  nhen  ihe  1*  bdos  the  buriioii  ' 
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Father.  Having  fully  described  the  earth  and  the  moon, 
Ae  former  a  primary  planet,  and  the  latter  ifa  nttendant 
Mtellite,  or  secondary  planet,  we  shall  nest  cun.iider  the  other 
danetfl  in  their  order,  with  vrhich,  however,  we  are  less 
Dterested. 

/ou  recollect,  is  the  pknet  nearest  the  sun  ;  and 
Tenus  is  the  second  in  order.  These  two  arc  called  inferior 
Iptantis. 

Ck.   Why  are  they  thus  denominated? 
Fa.  Because  they  both  revolve   in  orbits  which  are  in- 
l^oded  leiihin  that  of  the  earth;   thus  (flg.  2)  Mercary  makes 
annual  jotimey  round  the  sun  in  the  orbit  a;  Venus  in 
and  the  earth,  farther  from  that  luminary  than  either  of 
iiakes  his  circuit  in  /. 
How  is  this  known  ? 
Fa.  By  observatioa:  for  by  attentively  watching  the  pro- 
gress of  these  bodies,  it  is  found  that  they  are  continually 
their  places  among  the  fised  stare,  and  that  they 
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are  neyer  seen  in  opposition  to  the  sun;  that  is,  they  are 
never  seen  in  the  western  side  of  the  heavens  in  the  morn- 
ing, when  he  appears  in  the  east;  nor  in  the  eastern  part 
of  the  heavens  in  the  evening,  when  the  sun  appears  in  the 
west. 

Ch.  Then  they  may  be  considered  as  attendants  upon  the 
sun? 

Fa.  They  may:  Mercury  is  never  seen  from  the  earth  at 
a  greater  Stance  from  the  sun  than  about  28  d^rees,  or 
about  as  far  as  the  moon  appears  to  be  frx>m  the  sun  on  the 
second  day  after  her  change:  hence  it  is  that  we  so  seldom 
see  him;  and  when  we  do,  it  is  for  so  short  a  time,  and 
always  in  twilight,  that  we  are  precluded  frx>m  making  suffi- 
cient observations  to  ascertain  whether  he  has  a  diurnal  mo- 
tion on  his  axis,  or  not. 

Ja.  Would  you,  therefore,  conclude  that  he  has  such  a 
motion  ? 

Fa,  I  think  we  ought  to  conclude  that  he  has;  because  it 
is  known  to  exist  in  all  those  planets  upon  which  observations 
of  sufficient  extent  have  been  made;  and  therefore  we  may 
surely  infer,  without  much  chance  of  error,  that  it  belongs 
also  to  Mercury  and  likewise  to  the  planet  Herschel;  the 
former  from  its  vicinity  to  the  sun,  and  the  latter  from  its 
great  distance  from  that  body,  having  at  present  eluded  the 
investigation  of  the  most  indefatigable  astronomers. 

Ch,  At  what  distance  is  Mercury  from  the  sun  ? 

Fa,  He  revolves  round  that  body,  at  about  36  millions  of 
miles  distance,  in  88  days,  nearly;  and  therefore  you  can  now 
tell  me  how  many  miles  he  travels  in  an  hour. 

Ja,  I  can:  for,  supposing  his  orbit  circular,  I  must  mul- 
tiply the  37  millions  by  6,*  which  will  give  222  millions  of 
nules  for  the  length  of  his  orbit;  this  I  shall  divide  by  88,  the 
number  of  days  he  takes  in  performing  his  journey;  and  the 
quotient  resulting  from  this  must  be  divided  by  24,  for  the 
number  of  hours  in  a  day:  and  by  these  operations  I  find 
thai  Mercury  traveb  at  the  rate  of  more  tlum  105,000  miles 
in  an  hour. 

Ja,  How  long  is  Mercury  in  revolving  round  his  axis  ? 

Fa.  He  is  supposed  to  revolve  about  Us  axis  in  24  h.  5  m. 

•  See  p.  1S6. 
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28  sec.  He  exhibits,  also,  pliases  which  are  discernible  b^ 
■  good  telescope. 

Ch.  How  large  id  Mercury  ? 

Fa.  He  is  the  smallest  of  all  the  planets.  His  diameter, 
compared  with  that  of  the  enrtli,  taken  as  unitj,  is  about 
3140  nules:  and  hiti  orbit  is  inclined  to  the  ecliptic  in  itn 
angle  of  7"  O"  9". 

Ja.  His  situation  being  so  much  nearer  to  the  sun  than 
oars,  he  must  enjoy  a  considerably  greater  share  of  its  heat 
and  light. 

Fa.  So  much  so,  that  were  the  earth  similarly  situated, 
water  could  only  exist  in  a  state  of  vapour ;  melals  also  would 
be  liquelied ;  everything,  in  fact,  belonging  to  it  would  be 
burnt  to  atoms. 

Ch.  When  is  the  best  time  for  making  observations  on  that 
planet  ? 

Fa,  The  best  time  is  when  he  passes  before  the  sun,  in 
the  form  of  a  black  spot.  This  passage  of  a  planet  before  the 
face  of  the  sun  is  called  its  "Tkansit."  The  Inst  Transit 
of  Mercury  happened  on  the  8th  of  May,  1 845.  Others  will 
happen  November  9,  IS48;  November  11,  1861;  November 
4,  1868;  May  6,  1878;  November  8,  1881:  May  10,  1891; 
vid  these  are  aU  that  will  liappen  in  the  present  century 

These  Transits  demonstrate,  tliat  Mereury  is  an  opaque 
body,  like  the  earth,  and  that  it  receives  its  light  from  the 
son,  and  exhibits  different  phases  like  the  moon.  The  heat 
of  the  snn  at  Mercury  must  be  seven  times  greater  than  our 
greatest  summer  heat. 

Ch.  And  can  you  imagine  that,  thus  circumstanced,  this 
planet  can  be  inhabited  ? 

Fa.  Not  by  such  beings  as  we  are.  You  and  I  could  not 
long  exist  at  the  bottom  of  the  sea;  yet  the  sea  is  the  babita' 
lion  of  mOlions  of  living  creatures.  Why,  then,  may  there 
not  he  inhabitants  in  Mercury,  fitted  for  the  enjoyment  of  the 
Mtuation  which  that  planet  is  calculated  to  afford  ?  Not  that 
I  mean  to  imply  by  this  alluaion  that  Mercury  is  as  fluid  as 
the  sea.  If,  however,  it  ia  uninhabited,  we  must  wonder  why 
iuch  a  body  was  formed.  Certainly  it  could  not  be  intended 
as  far  as  our  limited  faculties  can  imagine,  for  our  benefit, 
fcr  it  is  rarely  even  seen  by  us. 
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QUESTIONS  FOB  SXAMINATTON. 


Which  of  the  pluiets  is  nearest  the 
i?  —  Which  are  called  inferior 
planets,  and  why  are  they  so  called? — 
Hour  is  it  known  that  the  orbits  of 
▼enos  and  Mcrenryareindoded  within 
tile  orbit  of  the  earth? — Why  are  they 
called  attendants  npon  the  son? — Is 
Meieory  frequently  visible?  —  Docs  it, 
like  the  earth,  torn  on  its  axis?  — At 
what  distance  is  Mercury  from  the  son. 


and  what  is  the  length  of  his  year?  — 
At  what  rate  does  this  planet  traTel  in 
an  hour? — How  large  is  Mercury  f^ 
What  degree  of  light  and  heat  does  he 
e^Joy  fitun  the  snn? — Is  it  probaUe 
that  Mertsnry  is  inhabited  ?  —  When  is 
the  best  time  to  make  observations  on 
Mereory?  —  What  is  meant  try  the 
transit  of  a  planet? 


CONVERSATION  XIX. 

OF   VENUS. 

Father,  We  now  proceed  to  yenus,  the  second  planet  in 
thb  order  of  the  solar  system,  but  bj  far  the  most  brilliant  of 
them  alL 

Ja.  How  far  is  Venus  from  the  sun? 

Fa.  She  is  about  68  millions  of  miles  from  the  sun,  and 
finishes  her  journey  in  224^  days:  consequently  she  must 
travel  at  the  rate  of  75,000  miles  in  an  hour. 

Ch,  Venus  is  larger  than  Mercury,  I  imagine. 

Fa.  Yes;  she  is  nearly  as  large  as  the  earth,  which  she 
resembles  in  some  respects;  her  diameter  being  about  7700 
miles  in  length,  but  this  is  very  variable,  depending  on  her 
distance  from  the  sun,  which  is  very  changeable,  and  she  has 
a  rotation  about  her  axis,  according  to  Shroeter,  of  23  hours 
21  min.  40  sec  The  light  and  heat  which  she  enjoys 
from  the  sun  must  be  double  that  which  is  experienced  by 
the  inhabitants  of  this  globe. 

Ja.  Is  there  a  difference  in  her  seasons,  as  there  is  here  ? 

Fa.  Yes;  and  in  a  much  more  considerable  degree.  The 
axis  of  Venus  inclines  about  75  degrees,  but  that  of  the  earth 
inclines  only  23^  degrees;  and  as  the  variety  of  the  seasons, 
in  every  planet,  depends  on  the  degree  of  the  inclination  of 
its  axis,  it  is  evident  that  the  seasons  must  vary  more  with 
Venus  than  with  us. 

Ch.  Venus  appears  to  us  to  be  sometimes  larger  than  at 
others. 

Fa.  True;  and  this,  with  other  particulars,  I  will  explain 
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hy  roedns  of  n  figure.     Suppose 
to  be  the  sun,  t  the  earth  in  hi 
orbit,  and  a,  b,  c,  d,  e,/,  VenuB  i-  ^, 
bers;  now,  it  is  evident  that,  when  "^^ 
"Venna  is  at  o,  between  the  aun  and 
earth,  she  must  appear  much  larger  I 
tban  when  she  ia  at  d,  in  opposition. 

Ja,  That  is  because  she  is  so 
mnch  nearer  in  the  farmer  case  than 
in  the  tatt<;r,  being  in  the  situation 
a,  but  27  millions  of  miles  from  the 
earth  t;  bnt  at  d  she  is  163  mil-  ^^ 

lions  of  miles  from  us. 

Fa.  Isiciw  as  Venns  passes  from  a,  through  6,  c,  to  *^  she 
may  be  observed,  by  means  of  n  good  telescope,  to  have  all 
the  same  phases  as  the  moon  has  in  passing  from  new  to  full: 
therefore,  when  she  is  at  rf,  alieis  full,  and  is  seen  among  the 
Gzed  stars  in  the  beginning  of  Cancer.  During  her  journey 
from  d  to  e,  she  proceeds  with  a  direct  motion  in  her  orbit, 
and  at  e  she  is  seen  in  Leo,  and  will  appear,  to  nn  inliabitjmt 
of  the  earth,  for  a  few  days  to  be  statimmry,  not  seeming  to 
change  her  place  among  the  fixed  stars;  for  she  is  coming 
toward  the  earth  in  a  direct  line:  but,  in  passing  from  «  to/, 
though  still  with  a  direct  motion,  to  a  spectator  at  t,  her 

irse  will  seem  to  be  retrograde;  or  to  have  gone  back  from 
2  toy,  tiU  she  gets  toe,  when  she  will  ag^n  appear  lAifionary; 
and  afterwards,  from  c  to  d,  and  from  ^  to  «,  it  will  be  direct, 
among  the  fined  stars, 

C/i.  When  is  Venus  an  evening  star,  and  when  a  morning 
nar? 

Fa.  She  is  an  evening  star  all  the  while  she  appears  eatl 
of  the  snn,  and  a  morning  star  while  she  is  seen  tresl  of  him. 
The  Greeks  gave  her  the  name  of  Hesperus,  when  an  evening 
BT,  and  Photphorta  when  n  morning  stars  these  names 
■e  from  thewonls  hesjieria (kojctpia)  "the  evening," and pAoi 
(^wf)  "  light,"  and  phero  (^fpu)  "  I  bring."  She  is  some- 
times called  Vesper,  the  Latin  word  for  evening ;  and  Lucifer, 
from  two  Latin  words,  bix  "  light,"  onAfero  "  I  bring." 

When  she  is  at  a,  she  will  be  invisible,  her  dark  si«le  being 
towards  us,  unless  she  be  exnctly  in  the  node;  in  which  case 
riwiriH  pass  over  the  bud's  fiice  and  appear  like  a  little  black. 
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spot;  indeed,  she  presents  the  same  phenomena  with  Mercury, 
and  in  like  manner  crosses  the  sun's  disc,  which  happened 
only  twice  during  the  last  century;  viz.,  in  1761  and  in 
1769.  The  next  Transit  will  happen  on  December  8,  1874, 
and  another  on  the  6th  of  December,  1882,  both  of  which 
will  be  visible  in  Great  Britain. 

Ja.  Is  that  called  the  transit  of  Venus? 

Fa.  It  is;  and  it  happens  twice  only  in  about  120  years, 
and  must  be  when  she  is  at  her  inferior  conjunction,  and  very 
near  one  of  her  nodes.  By  this  phenomenon  astronomers 
have  been  enabled  to  find  the  sun's  parallax,  and  so  ascer- 
tain with  great  accuracy  the  distance  of  the  earth  from  the 
sun;  and,  having  obtained  this,  the  distances  of  all  the  other 
planets  are  easily  found.  By  the  two  transits  which  happened 
in  1761,  and  1769,  it  was  clearly  demonstrated  that  the  mean 
distance  of  the  earth  from  the  sun  was  between  95  and  96 
millions  of  miles. 

Ch.  How  do  you  calculate  the  distances  of  the  other 
planets  from  the  sun  by  knowing  that  of  the  earth  ? 

Fa.  I  will  endeavour  to  make  this  plain  to  you.  Kepler, 
a  great  astronomer,  discovered  that  all  the  planets  are  subject 
to  three  general  laws;  of  which  the  one  having  reference  to 
our  particular  subject  is,  that  "  the  squares  of  their  perio- 
dical timeSy  or  that  of  their  revolutions^  are  proportioned  to 
the  cubes  of  their  mean  distances  from  the  sun.** 

Ja.  What  do  you  mean  by  the  periodical  times  f 

Fa.  I  mean  the  times  which  the  planets  take  in  revolving 
round  the  sun.  Thus  the  periodical  time  of  the  earth  is  365^ 
days;  that  of  Venus  224^  days;  and  that  of  Mercury  88  dajrs. 

Ch.  How,  then,  would  you  find  the  distance  of  Mercury 
from  the  sun? 

Fa,  By  the  rule  of  three.  I  would  say,  as  the  square  of 
365  days  (the  time  which  the  earth  takes  in  revolving  about 
the  sun)  is  to  the  square  of  88  days  (the  time  in  which  Mer- 
cury revolves  about  the  sun),  so  is  the  cube  of  95  millions  (the 
distance  in  miles  of  the  earth  from  the  sun)  to  a  fourth  number. 

Ja.  And  is  that  fourth  number  the  distance,  in  miles,  of 
Mercury  from  the  sun? 

Fa.  No:  you  must  extract  the  cube  root  of  that  number; 
and  then  you  will  have  about  37  millions  of  miles  for  the 
answer;  which  is  the  true  distance  at  which  Mercury  revolTet 
about  the  sun. 


OF    MARS.  17J 

CS.  What  ii  the  meflning  of  Parallnr,  Papa? 

Fa.  The  term  Parallax,  from  ihc  Greek  word  parallaxu' 
(vapoXAafic)  "  change,"  implies  a  eliange  of  place,  or  of 
upect,  aorl  is  the  difference  between  the  apparent  place  of  a 
celestt^  object,  nnd  ita  Irue  place  as  would  be  aeen  hy  a  peraon 
at  the  centre  of  its  motion;  and  when  this  is  found  we  ore 
enabled  to  determine  the  distance,  real  magnitude,  and  also 
the  tUameter  of  the  body. 

QUESTIOKS  FOR  E3AMIKATI0N. 


How  i>  the  plMcrt  V™u.  dncribcO  ? 

Ken  ill  dllTerent  put.  of  her  orbit  with 

—  Al  whrt  disUU.™  U  Venn,  from  the ;  ditftrent  pliuo  like  tl»  moon  ?  -  Ei- 

(im.ud«hilllithel«igthofber7Rir?,  plain  the  dilTennt  ilCuiilloBt  In  wLkh 

—How  numj  raUn  dom  ihe  travel  In 

Ihe  motion  of  Uil.  pluet  l<  dinct; 

tUi  plinrt  ?—  Whit  proponton  of  liKht 

■Dd  but  doa  the  enios?  —  Ii  tlim 

When  l»  Venn.  »a  eninlng  ind  »han  a 

Boch  dUftnoM  in  the  nuonj  of  tM. 

morning  Uu?—  What  la  nieiint  b^  the 

ptuet,  Uld(awhn(f■(bU>Kribcd?— 

tnuiall  of  VMM  ?  —  lto»  often  does  a. 

^^pl.in  to  mc  bj-me-iu  of  flg,  17.  why 

tntnill  hmppen?  —  Whit  la  Keplefi 

V«.n.  .ppest.  I«ger  «>m«tlm«  th-n 

la*?  — WhM  U  mcuit  brtbepeilod- 

•bo  doa  It  Olhen.— !•  Vcnni  to  be 

iul  timet? 

CONVERSATION  XX. 

OF   H 

AHS. 

Father.  Next  to  Venus  is  the  earth,  and  her  satellite,  the 
moou:  but  of  these  aufiicieat  notice  has  already  been  taken; 
■nd  therefore  we  shall  pa^s  on  to  the  planet  Mara,  the  fourth 
in  order  from  the  sun,  and  which  is  kuown  in  the  heavens  by 
K  dusky  red  appearance.  Mars,  together  with  Jupiter,  Saturn, 
Knd  Herschel,  are  called  superior  planets)  because  the  orbit  of 
the  earth  is  inclosed  by  their  orbita. 

CA.  At  what  distance  ia  Mara  from  the  sun? 

Jfo.  About  142  millions  of  miles.  The  length  of  his  year 
IB  equal  to  nearly  687  of  our  days;  and  therefoi'e  he  travtjfl  at 
the  rate  of  mon?  than  53  thousand  miles  in  an  honr;  his 
diurnal  rotation  on  lus  axis  is  performed  in  24  hours,  39  min. 
and  21  sec.;  which  makes  his  figure  tliat  of  an  oblat«  spheroid: 
and  bis  synodine  revolution,  or  return  to  the  same  position  in 
respect  to  the  earth  and  sun,  is  nearly  780  days:  and  the  in- 
dination  of  his  axis  to  the  ecliptic  is  30°  IW. 

Ja.  How  is  the  diurnal  motion  of  this  planet  discovered? 
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Fa,  By  means  of  a  very  large  spot  which  is  seen  distinctly 
on  his  disc,  when  he  isin  that  part  of  his  orbit  which  is  op- 
posite to  the  sun  and  earth. 

Ch.  Is  Mars  as  large  as  the  earth? 

Fa.  No:  his  diameter  is  but  4100  miles;  which  is  but  little 
more  than  half  the  space  of  the  earth's  diameter:  and  in  con- 
sequence of  his  distance  from  the  sun,  he  will  not  enjoy  one 
half  so  much  of  light  and  heat  as  we  enjoy. 

Ja,  And  yet,  I  believe,  he  has  not  the  benefit  of  a  moon. 

Fa,  No  moon  has  ever  been  discovered  belonging  either  to 
Mercury,  Venus,  or  Mars. 

CA.  Do  the  superior  planets  exhibit  appearances  of  direct 
and  retrograde  motion    similar    to    those   of  the    inferior 

planets? 

Fa,  Yes:  Suppose,  s,  the  sun; 
«,  6,  dyf^gy  A,  the  earth,  in  different 
parts  of  its  orbit,  and  my  Mars 
in  his  orbit.  When  the  earth  is 
at  flf,  Mars  will  appear  among 
the  fixed  stars  at  ar.  When,  by 
its  annual  motion,  the  earth  has 
arrived  at  ft,  rf,  and/)  respectively, 
the  planet  Mars  will  appear  in 
the  heavens  aty,  z^  andu^.  When 
it  has  advanced  to  ^,  it  will  ap- 
pear stationary.  To  the  earth, 
in  its  journey  from  ^  to  A,  the 
planet  will  seem  to  go  backwards, 
or  retrograde  in  the  heavens  from  o  to  «;  and  this  retrograde 
motion  will  be  apparent  till  the  earth  has  arrived  at  a,  when 
the  planet  will  again  appear  stationary. 

Ja,  I  perceive  that  Mars  is  retrograde  when  in  opposition; 
and  the  same  is,  I  suppose,  applicable  to  the  other  superior 
planets;  but  the  retrograde  motion  of  Mercury  and  Venus  is 
when  those  planets  are  in  conjunction. 

Fa,  You  are  right:  and  you  see  the  reason,  I  dare  say,  why 
the  superior  planets  may  be  in  the  West  in  the  morning, 
when  the  sun  rises  in  the  £ast,  and  the  reverse. 

Ch,  For  when  the  earth  is  at  d^  Mars  may  be  at  n:  in 
which  case  the  earth  is  between  the  sun  and  the  planet.  I 
observe  also  that  the  planet  Mars,  and  consequently  the  other 


Fig.  18. 


r  fsperior  planete,  are  much  nearer  the  earth  at  one  time  than 

it  others. 

Fa.  The  difference,  with  respect  to  Mars,  is  no  leaa  than 
190  miUions  of  miles;  the  whole  length  ol'  tlie  orhit  of  the 
earth.  This  will  be  a  proper  time  to  expLiin  what  is  meant 
\^  the  kdiocenlric  longitude  of  the  planets,  referred  to  in  the 
Ephemeris. 

Ja,  Tea;  I  remember  you  promised  to  explain  this  when 
jou  came  to  apeak  of  the  planets ;  I  do  not  know  the  meaning 
of  the  word  helioceutric. 

fa.  It  is  a  term  used  to  express  the  place  of  any  heavenly 

ly,  OB  seen  from  the  sun;  whereas  the  geocetilrie  place  of  a 

lef  is  the  position  which  it  has  when  seen  from  the  earth: 

ifrie  is  from  the  Greek  helios  (^\iwc)  "  the  sun,"  and 

>n  (wKrf«v)"a  centre;"  and  jf«ie«irricfromje(j-ij)  "  the 

'itrth,"  and  eentron  {arrpoy)  "  a  centre." 

Ck.  Will  you  show  us,  by  a  figure,  in  what  this  difference 
Wnsiets? 

Fa.  I  will:  let  a  represent  the 

of  the  sun;  l>  Venus  in 
rbit;  a  the  earth  in  hers;  and  c 
his  orbit;  and  the  outer- 
tt  circle  will  represent  the  sphere 
fixed  stars.     Now,  to  a  spectator  j'^ 
the  earth,  a,  Venus  will  appear  \ 
ing  the  fixed  stars  in  the  be-     "v 
Icorpio;  but,  &3  viewed       ■ 
1,  she  will  be  seen  be- 
nd the  middle  of  Leo.    Therefore 
e  geocentric  longitude  of  Venus  ""'  *" 

♦HI  be  in  Scorpio,  but  her  heliocentric  longitude  will  be  in 
Leo. 

Again,  to  a  spectator  at  a,  the  planet  Mars,  at  c  will  appcar 
among  the  fixed  Blars  towards  the  end  of  the  sign  Pisces;  but, 
as  viewed  from  the  sun,  he  will  he  seen  nt  the  beginning  of 
the  sign  Aries:  consequently  the  geocentric  longitude  of  Mars 
is  in  Pisces;  but  his  lielioeentrie  longitude  is  in  Aries. 

Ch.  How  is  the  fiery  redness  of  the  light  of  Mars  accounted 


— hwhit 


he  opinion  of  Dr.  Herschel  that  Mars  is  i 
ilad;  and  he  has  discerned  distinctly  the  outlines  of  co. 
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tlnenU  and  seas.  It  is  the  construction  of  the  former,  he 
lliinks,  which  gives  the  planet  the  rnddj'  appearance  it  lias, 
and  from  the  seas  is  reflected  a  greenish  hue.  He  has  also 
observed  brilliant  white  spots  upon  its  poles  which  he  ima- 
gines to  be  snow;  for  they  disappear  when  thej  have  been 
long  exposed  to  the  sun,  and  are  more  extended  and  distinguish- 
able  when  just  emanating  from  their  winter  season. 

QDBSTIONa  FOB  EZAKIKATTON. 

lomlng.  wfatn  tba  mn  rim  In  Uu  cut. 


Wbkt  »n  the  fopcrtor  plmnet^  and 
wbr  an  ttaef  to  eilled  ?  —  At  wliat 
dittuwe  it  Mkn  from  the  «m,  wid  wbM 
lathe  length  of  hli  yiar?  — Howwu 
tha  dlirnal  roUUcm  of  ttdi  planet  dlt- 
oOTERd  r  —  What  It  tb*  magnitude  of 
Han*  and  what  proportion  of  Ught  and 
heat  doa  he  enjojr  fttm  the  ann?  — 
Explain  hr  flg.  19  the  direct  and  ap- 
parent retrognde  motlona  of  the  tape- 
Itor  planeti.  —  Tell  me  whj  the  anpe- 
Ilor  planet*  mar  be  In  the  veit  in  the 


to  the  e*rth  li  Uara  tliaA  tlie  otlier 

another?— What  li  meant  br  th* 
AiUwxHfnV;  longitoda  of  a  planet?  — 
What  is  the  ^monfrir  plaoe  (rf  a  planetr 
—  Eiplala  brflg.  IS  In  what  the  dlf. 
ferenoe  between  the  heliacentrio  aWI 
geonentiio  longitude  of  Uie  jiliiula 
conaiata. 


CONVERSATION  XXI. 

OF  THB   SHALL  TLANETS,  AND 

Father.  Next  to  Mara  we  conie  to  fifteen  of  the  more 
recently  discovered  planets.  I  told  jou,  in  Conversation  V., 
that  there  were  altogether  twenty-three  planets.  Of  these 
the  orbits  of  three  are  within  that  of  Mars,  those  of  fifteen 
are  between  those  of  Mars  and  Jupiter,  and  the  orbits  of 
three  are  beyond  that  of  Jupiter.  Iv'ow,  can  you  tell  me  the 
respective  distances  of  these  fifteen  from  the  sun,  the  length 
of  their  annual  revolutions,  and  whence  they  derived  their 
names? 

Ch.  I  think  sa 

Flora  has  a  period  of  revolution  equal  to  1193  days,  being 
the  shortest  of  any  of  her  companion  planets;  her  mean  dis- 
tance from  the  sun  being  209,826,000  miles.  Her  name  was 
riven  her  by  Sir  J.  Herschel,  and  a  flower,  the  "Rose  of 
England,"  was  chosen  as  her  symbol. 

Victoria  bos  a  period  of  1302  days;  and  her  mean  dis- 
tance is  222,373,000  miles.  She  received  her  name  in  honour 
of  onr  queen :  the  rule  hitherto  foUowed  in  regard  to  the 
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nin-jr  plnneta  requiring  a  female  name,  taken  from  either 

tiie  Greek  or  the  Roman  mythology. 

Vesta  performa  her  revolution  in  3'6284  years,  at  a  mean 
itance  of  22^,000,000  miles.     She  was  nunied  after  tha 

goddess  Vesia,  the  daughter  of  Saturn,  and  eister  to  Cert:3 

Metis  requires  3-686  years  for  her  revolution,  and  her 
mean  distance  is  227,387,000  miles.  Metis,  in  Gretinn  mytho- 
logy, wa«  the  tirst  nife  of  Jupiter,  she  was  one  of  the  Oeean- 
i^Jes  or  ees-nymphs. 

Liis  requires  3-6844  years,  or  1346  days,  and  the  mean 
distance  is  227,334,000  miles.  Iris  was  named  after  the 
fea-nymph  of  that  name,  also  one  of  the  Uceanides. 

Hebe  takes  37761  years,  and  the  distance  Is  231,089,000 
totiles-     Hebe,  in  mythology,  was  a  daughter  of  Jupiter  aad 

Pabthekopr,  1401  days,  or  3-838  years;  and  the  mean 
^iMaiice,  233,611,000  miks.  Here  name  was  adojited  from 
that  of  one  of  the  Sirens.  The  ancient  name  of  the  city  of 
Saples,  the  residence  of  M.  de  Gasparis,  the  discoverer  of 
ttiis  planet,  was  Farthenope. 

AsTB£A  hafl  n  period  of  revolution  of  1511  days,  and  a  mean 
distance  of  245,622,000  miles.  The  mythological  Astnna  whs 
tbe  goddess  of  Justice,  and  during  the  iron  age  she  was  driven 
to  heaven  by  the  wickedness  and  impiety  of  mankind. 
'  £aBBiA,  1505  days,  and  244,940,000  miles.  The  nymph 
Egeria  was  the  councillor  of  Numa  Pomjiilius. 

IitKSB,  4-15  years,  and  2-16,070,000  miles.  Irenewusone 
tf  the  daugiilers  of  Jupiter,  and  her  name  was  adopted  in 
•lluflion  to  the  peace  prevailing  in  Europe  at  the  time  of  the 
iiacoTery  of  the  planet. 

EuNoMiA,  1574  days,  or  4-308  years,  and  252,300,000 
utiles.     Eunomia  was  a  sister  of  Irene. 

Jdno,  4-3594  years,  and' 253,312,000  miles.  Juno  was 
the  daughter  of  Saturn,  and  sisler  to  Jupiter,  Neptune,  Vesta, 
mil  Ceres, 

CsHKS,  4-6033  years,  and  263,713,000  miles. 

Pallas,  1687  day^  or  46175  years,  and  284,256,000  miles. 
Pallas  was  a  daughter  of  Jupiter. 

HrcBiA,  2044  days,  or  5594  years,  and  300,322,000  miles. 
Hygeia  was  the  goddess  of  health, 

J-'a.  There  are  three  pinnets,  as  I  told  you,  whose  vrlilts 
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are  beyond  that  of  Jupiter,  viz.,  Saturn,  Uranna,  and  Nep- 
tune: these  we  shall  consider  directly;  but  I  ahall  take  this 
opportunity  of  stating  to  you,  that  the  mean  distance  of  Nep- 
tune from  the  sun  is  2,862,457,000  miles,  and  ita  period  of 
revolution  6,012,671  days,  or  rather  more  than  164^  yean. 

Ch.  Who  discovered  Neptune  ? 

Fa.  The  question  is  incapable  of  a  direct  answer. 

The  discovery  of  Neptune  forms  one  of  the  most  beautifnl 
illustrations  of  the  exactness  and  dependency  to  be  placed  upmi 
astronomical  investigations,  and  marks  in  a  signal  nuumer 
the  maturity  of  astronomical  science.  The  proof,  or  at  least 
strong  presumption,  of  the  existence  of  a  planet  occupying 
the  position  of  Neptune,  as  a  means  of  accounting,  by  its 
attraction,  for  certain  irregularities  observed  in  the  motions 
of  Uranus,  was  afforded  almost  simultaneously  by  Mr.  Adams^ 
of  Cambridge,  and  M.  Leverrier,  of  Paris.  These  philosophers 
were  enabled, /rom  theory  alone,  to  calculate  whereabouts  it 
ought  to  appear  in  the  heavens,  ifvisibley  the  places  thus  inde- 
pendently calculated  agreeing  surprisingly.  A  letter  being 
sent  by  M.  Leverrier  to  M.  Galle,  of  Berlin,  requesting  him 
to  look  for  a  planet  in  that  spot  in  the  heavens,  this  gentleman 
did  so,  and  discovered  Neptune  on  the  same  evening.  This 
remarkable  verification  of  an  indication  so  extraordinary 
took  place  on  the  23rd  of  September,  1846. 

The  relative  sizes  of  these  planets  have  not  been  accurately 
determined;  nor  can  this  be  wondered  at,  considering  hovr 
recently  several  of  them  have  been  discovered.  But  the  fol- 
lowing illustration,  by  Sir  J.  Herschel,  will  give  a  general 
notion  of  that  of  some  of  them.  Choose  any  well- levelled 
field  or  bowling-green.  On  it  place  a  globe,  two  feet  in 
diameter;  this  will  represent  the  sun;  Mercury  will  be  repre- 
sented by  a  grain  of  mustard  seed,  or  the  circumference  of  a 
circle  164  feet  in  diameter  for  its  orbit;  Venus,  a  pea,  on  a 
circle  284  feet  in  diameter;  the  earth,  also  a  pea,  on  a  circle 
of  430  feet;  Mars,  a  rather  large  pin's  head,  on  a  circle  of 
664  feet;  Juno,  Ceres,  Vesta,  and  Pallas,  grains  of  sand,  in 
orbits  of  from  1000  to  1200  feet;  Jupiter,  a  moderate-sized 
orange,  in  a  circle  nearly  half-a-mile  across;  Saturn,  a  small 
orange,  on  a  circle  of  four-fifths  of  a  mile;  Uranus,  a  full- 
sized  cherry,  or  small  plum,  upon  a  circumference  of  a  circle 
more  than  a  mile  and  a  half;  and  Neptune,  a  good-sixed 
plum,  on  a  circle  about  two  and  a  hidf  miles  in  diameter. 
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Fa.  We  proceed  now  to  Jupiter,  tlio  liirgest  of  all  the 
planets,  which  is  eaAlj  known  by  hia  peculiar  mugniiude  and 
hnWiaacj. 

Ch.  Is  Japiter  larger  than  Venus? 

Fa.  Though  he  doea  not  iippear  so  large,  yet  the  magnitude 
of  Venus  bear?  but  a.  very  smaU  proportion  to  that  of  Jttpiter, 
■whose  diameter  is  87,000  miles,  eleven  times  that  of  the  earth, 
consequently,  his  hulk  will  exceed  that  of  the  earth  1300 
dines.  His  distance  from  the  aun  is  estimated  at  nearly  490 
millions  of  miles. 

Ja.  Then  he  is  more  tlian^ce  times  further  from  the  sun 
.  dion  the  earth,  and  consequently,  as  light  and  heat  diminish 
L'jh  the  same  proportion  as  the  distances  from  the  illuminating 
Uiedy  increase,  the  inhabitants  of  Jupiter  enjoy  but  a  twenty- 
^Wth  part  of  the  light  and  heat,  afforded  by  the  sun,  that  we 

^P  Fa.  Anotlier  thing  remarkable  in  this  phmet  is,  that  lie  re- 

^Eolves  on  his  axis,  which  is  perpendicular  to  his  orbit,  in  9 

Hpburs,  55  min.  50  sec;    and,  in  consequence  of  this  swift 

HKnmal  rotation,  his  equatorial  diameter  is  6000  miles  greater 

^Ban  his  polar  diameter,  and  found  to  be  in  the  proportion  of 

Hi  to  H. 

^V    C%.  Since,  then,  a  vaiiety  in  the  seasons  of  a  planet  de- 

^HcRda  upon  the  inclination  of  the  axis  to  its  orbit,  and  since 

^Bte  axis  of  Jupiter  has  no  inclination,  there  can  be  no  difier- 

^b|ce  in  his  seasons,  nor  any  in  the  length  of  his  days  and 

^Rhts. 

^E^d.  Ton  are  right:  his  days  and  nights  are  always  five 

^Btnrs  each  in  length;  and  at  his  equator  and  its  neighbour- 

^Bftod  there  is  perpetual  summer,  and  in  his  polar  re^on  a 

^RUitinaBl  winter. 

Hf  Ja.  What  is  the  term  of  his  annual  revolution? 

^V  Fa.  It  is  equal  to  nearly  13  of  our  years;  for  he  takes  It 

^Kearg,  317  days,  14  hours,  2  min.  and  8^  sec.  to  make  a  re- 

^Rolution  round  the  sun ;  consequimtly  he  travels  at  the  rate  of 

^Mioi-c  than  28,000  miles  in  au  hour. 

H     This  immense   planet   ia  accompanied  by  four  satellites, 

^Rrhich  revolve  about  him,  nearly  in  the  plane  of  his  equator, 

^UBactly  in  the  same  manner  as  the  moon  revolves  round  the 

^pHinh,  and  at  different  distances,  and  in  different  periodical 

Bfimee;  the^rtt  in  about  1  day  and  18  hours;  the  leeond  in  3 
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days,  13  hours;  the  third  in  7  days,  3  hours;  and  the 
foitrtk  in  16  days  and  16  hours.  Thej  were  disooYered  by 
Galileo  in  1610,  immediately  after  the  invention  of  the  tele- 
scope. They  are  also  of  considerable  magnitude  compared 
widi  the  earth;  their  diameters  may  be  estimated  as  follows; — 
that  of  the  first  rather  less  than  ^  of  that  of  the  earth;  of  the 
mcond^  \\  of  the  thirds  ^  which  is  about  the  size  of  Mars; 
and  of  iitefourthy  rather  more  than  ^. 

Ch.  And  are  these  satellites,  like  our  moon,  subject  to 
eclipses? 

Fa.  Yes:  and  they  can  be  obserred  with  the  greatest  pre- 
dsion;  these  eclipses  also  are  of  considerable  importance  to 
astronomers  in  ascertaining  with  accuracy  the  longitude  df 
different  places  on  the  earth,  and  in  determining  the  sidereal 
and  synodical  revolutions  of  the  satellites. 

By  means  of  the  eclipses  of  Jupiter's  satellites,  a  method 
was  also  obtained  by  Roemer  of  demonstrating  that  the 
motion  of  light  is  progressive^  and  not  instantaneous,  as  was 
once  supposed;  fdt  the  eclipses  and  emersions  of  Jupiter's 
satellites  become  visible  about  16  min.  26  sec.  earlier  when 
the  earth  is  at  its  least  distance  from  Jupiter,  than  when  it  is 
at  its  greatest  Hence  it  is  found  that  the  velocity  of  light  is 
nearly  11,000  times  greater  than  the  velocity  of  the  earth  in 
its  orbit,  and  more  than  a  million  of  times  greater  than  that  of 
a  ball  fired  from  a  cannon.  It  is  estimated  at  192,000  miles  a 
second,  so  that  rays  of  light  occupy  above  a  quarter  of  an  hour 
in  passing  through  the  diameter  of  the  earth's  orbit. 

Ch,  In  looking  through  a  telescope  at  this  planet  we  ob- 
serve several  dark  str^iks  across  his  disk,  parallel  to  his 
equator;  what  are  they,  Papa? 

Fa,  Those  streaks  are  called  the  belts  of  Jupiter;  and  they 
vary  in  their  appearance  at  different  times,  both  as  to  their 
breadth  and  their  situation ;  spots  have  also  been  seen  upon  them, 
whence  it  has  been  imagined  that  these  peculiarities  are  in  the 
atmosphere  of  the  planet,  and  produced  by  a  strong  current^ 
analogous,  in  some  respects,  to  our  trade-winds.  Dr.  Herschel 
thinks  it  is  the  comparatively  darker  body  of  the  planet  that 
is  presented  to  view  in  these  streaks,  because  they  do  not  ap- 
pear of  so  decisive  a  character  on  the  edge  of  the  disk,  but 
gnduaUy  Aide  away  as  they  approach  it. 
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,   Father.  We  ai*  now  arrived  at  Saturn,  whicli,  previous  to 
3  discovery  of  Herschel,  wua  esteemed  the  most  remote 
bnet  of  the  Bolar  system;  hia  appeuranue  li  \^s  brilliant  than 
It  of  Jupiter  or  of'  Venua. 
Ch.  How  is  he  diatinguished  in  the  heavens  7 
^Fa.  He  shines  with  a  pale  dead  light,  very  unlilcc  the 
incy  of  Jupiter;  yet  hia  magnitude  seems  to  vie  with 
it  of  Jupiter  hiinsplf.     The  diajneter  of  Saturn  is  nearly 
O^OOO  miles;  his  distance  from  the  .iiid  is  about  H90  millions 
■  milea;  and  he  performs  \\\i  journey  round  that  luminary  in 
out  29  J  of  our  years:  eonsequently  he  must  travel  at  a  rate 
it  much  short  of  21.000  miles  in  an  hour. 
f  Jo.  His  great  distance  from  tlie  sun  must  render  an  abode 
\  Saturn  exiremely  eold,  and  dark  loo,  in  comparison  with 

kt  we  experience  liere. 

Fa.  His  distance  from  the  sun  being  between  9  and  10 

timet)  greater  than  that  of  the  earth,  he  must  enjoy  about  100 

times  less  light  and  heat.     It  ha.%  nevertheless  been  calculated 

v^Ut  the  light  of  the  aun  at  Satnm  is  500  time'?  greater  than 

""  (t  wliicb  we  enjoy  from  our/ull  moon. 

.  The  day-light  at  Saturn,  then,  cannot  be  vfiry  con- 
mpl^le.  I  should  hardly  have  thought  that  the  light  of  the 
ti  tliere  waa  jjOO  times  greater  than  that  experienced  from 


Jo-  j 
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nrach  weaker  than  when  we  behold  him  in  all  his  glorious 
qplendonr,  it  is  reckoned  that  our  day-light  is  90,000  times 
greater  than  the  light  of  the  moon  at  its  fnIL 

Ja,  Bat  Saturn  has  several  moons,  I  believe. 

jPo.  He  is  attended  bj  setwm  satellites  or  moons,  whose  pe- 
riodical times  di£fer  very  much.  The  following  table  will 
show  yon  the  mean  distances  of  each  satellite  from  SataIl^ 
and  give  you  also  their  periods  of  sidereal  revolution. 


h. 

m. 

22 

38 

8 

53 

21 

18 

17 

45 

12 

25 

22 

41 

7 

56 

ir«a»  DuteMv.  FwritHe 

d. 

1      3-351      0 

2  4-300  1 

3  5-284  1 

4  6-819  2 

5  9-524  4 

6     22-081     15 

7     64-359     79 

The  most  distant  satellite  was  discovered  by  Huygens  in  1665; 
four  others  by  Dominic  Cassini  about  20  years  later;  while 
the  two  interior  ones,  which  can  only  be  seen  under  very  pe- 
culiar circumstances,  and  by  the  most  powerful  telescopes, 
were  discovered  by  Dr.  Herschel  in  1789.  The  seventh 
satellite  is  by  far  the  largest,  and  is  known  to  turn  on  its  axis, 
and  in  its  rotation  is  subject  to  the  same  law  which  our  moon 
obeys;  that  is,  it  revolves  on  its  axis  in  the  same  time  that  it 
revolves  about  the  planet. 

Besides  these  seven  moons,  Saturn  is  encompassed  with  two 
broad  ringsy  which  are  probably  of  considerable  importance  in 
reflecting  the  light  of  the  sun  to  that  planet.  Dr.  Herschel 
gives  the  dimensions  of  these  rings  as  follows: — 


Exterior  diameter  of  exterior  ring 
Interior  ditto 

Exterior  diameter  of  interior  ring 
Interior  ditto 

,  Equatorial  diameter  of.  the  body   . 
Interval  between  the  planet  and  interior  ring       1 9,090 

Interval  of  the  rings 1,791 

Thickness  of  the  rings  not  exceeding     .     .  100 


MUcM, 

176,418 
155,272 
151,690 
117,339 
79,160 


These  rings  give    Saturn    a    I 

rj  different  appearance  from    I 

!j  of  the  other  planets.     Fig. 

I  is  a  representation  of  Saturn, 

Beeo  tlirough  a  good  telescope : 

id  from  the  circumstance  of 
Bte  ring  casting  a  dark  shadow 
on  the  planet  on  the  side  nearest  >''<£-  mo- 

tile Bun,  and  receiving  the  shadow  of  the  planet  on  the  oppo- 
side,  there  can  be  no  doubt  but  that  the  ring  is  composed 
iCf  some  solid  and  ponderous  material;  while  as  to  its  useful- 

BB,  all  moat  at  present  rest  on  conjecture. 

Ch.  Is  it  known  whether  Saturn  turns  on  its  axis? 

Fa.  According  to  Dr.  Herschel,  it  has  a 

38  in  10  hours  29  min.  16-8  sec.  This  he  ( 
be  equatorial  diameter  being  greater  than  the  polar  diameter, 
II  the  proportion  nearly  of  U  to  12.  Dr.  Herschel  has  also 
Cscovered  that  the  ring  just  mentioned  revolves  about  the 
~inet  in  10  hours  and  a  hiilf. 

Saturn  has  a  diaD:iet«r  of  76,068  miles,  consequently  he  is 

ti\j  1000  times  larger  than  the  earth. 

QUESTIONS  FOE  EXAUINATION. 
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V  BBBSCllEL  OS 


Father.  We  have  but  one  other  planet  to  dcscribt?;  that  u 
herschel. 

Ja.  Was  it  discovered  by  Dr.  Herschel? 
Fa.  It  was,  on  the  I3thofMarch,  1781,  and  therefore,  by 
tronomera  in  general,  as  mentioned  in  a  former  conversation, 
was  denominated  the  planet  Herschel.  It  is,  however,  now 
ore  usually  called  Uranut,  a  word  derived  from  the  Greek 
iranof  {oupayo^)  "  heaven."     It  had  also  been  previously  ub- 
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senred  hj  Flamsteady  Bndlej,  Meyer,  and  Lemonnier,  but 
they  did  not  consider  it  to  be  a  planet. 

OL  I  do  not  think  that  I  have  ever  seen  this  planet 

Fa,  Its  apparent  diameter  is  too  small  to  be  discerned 
readilj  by  the  naked  eye;  but  it  may  be  easily  discovered  in  a 
clear  nighty  when  it  is  above  the  horizon,  by  means  of  a  good 
telescqpe;  its  situation  being  previously  ascertained  from  the 
Ephemeris. 

Jo,  Is  it  owing  to  the  smallness  of  this  planet,  or  to  its 
great  distance  from  the  sun,  that  we  cannot  see  it  with  the 
naked  eye? 

Fa.  Both  these  causes  are  combined.  In  comparison  with 
Jupiter  and  Saturn,  it  is  small;  his  diameter  being  about 
S5,000  miles,  nearly  four  and  a  half  times  that  of  the  earth; 
and  his  distance  from  the  sun  is  estimated  at  more  than  1800 
millions  of  miles  from  that  luminary,  around  which,  however, 
he  performs  his  journey  in  84  of  our  years:  consequ^tly  he 
mu8t  travel  at  the  rate  of  16,000  miles  in  an  hour. 

Ch,  But  if  this  planet  was  only  discovered  in  1781,  how  is 
it  known  that  it  will  complete  its  revolution  in  84  years? 

Fa,  By  a  long  series  of  observations  it  was  found  to  move 
with  such  a  velocity  as  would  carry  it  round  the  heavens  in 
that  period.  Moreover,  when  it  was  discovered,  it  was  in 
Gemini,  and  it  is  now  advanced  far  among  the  signs  of  the 
Zodiac,  almost  a  fourth  part  of  its  journey. 

Ja.  How  many  moons  has  the  planet  Herschel? 

Fa,  He  is  supposed  to  have  six  satellites  or  moons;  but  the 
existence  of  more  than  two  is  not  clearly  made  out;  one  of 
these,  the  nearest  to  the  planet,  performs  his  revolution  round 
the  primary  in  8  days,  16  hours,  56  min.  and  31*3  sec;  and 
the  other  takes  13  days,  11  hours,  7  min.  and  12*6  sec.  for 
his  journey. 

Ch,  Is  there  any  idea  formed  as  to  the  light  and  heat  en- 
joyed by  this  planet? 

Fa,  His  distance  from  the  sun  is  19  times  greater  than  that 
of  the  earth;  consequently,  since  the  square  of  19  is  36),  the 
light  and  heat  experienced  by  the  inhabitants  of  that  planet 
must  be  361  times  less  than  we  derive  from  the  rajrs  of  the  sun. 

The  proportion  of  light  enjoyed  by  the  planet  Herschel  has 
been  estimated  at  about  equal  to  the  effect  of  248  of  our  full 
mooDfl.     This  planet  is  about  80  times  larger  than  the  earth 


QUESTIONS  FOR  BXAMISATION. 

b  Ua  pUort  HoKhd  Hilly  d[a-iit  vfa*t  isU  don  he  tnni?— How 
llBCniahed  ?  —  Row  Iirjte  la  thji  ptmnM.  |  miui]'  ra«na  hu  tbi  planet  Hrncbd  »— 
tadal  vbatdiiluicelahBlhHiiUicaiui?  What  it  IhaproparUuDDf  lighlaodbcit 
^  a-Wbat  ia  tkelengtli  of  hlerHr.  and  |wliicli  ihiipluiel  enjoys  froin  Ike  •m  7 
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Father,  Besides  the  eleven  primary  planets,  and  the  eigh- 
o  secondary  ones,  or  aatellites,  whidi  we  have  been  de- 
'bing,  there  are  uther  bodies  belonging  to  the  solar  Hystem, 
KiBtfed  comets. 

■  Ch,  Do  comets  resemble  the  plunets  in  any  I'eapects  ? 
r  Fa.  Like  them,  they  are  supposed  to  revolvo  about  the  sun 
^  elliptical  orbits,  very  elongated,  and  to  describe  equal  areas 
B  equal  timeai  and  they  are  only  visible  during  the  short 
'n>e  they  are  in  the  periheha  of  their  orbits,  and  they  do  not 
l^pear  to  be  adapted  for  the  habitation  of  animated  beings, 
0  the  great  degrees  of  beat  and  cold  to  which  they,  in 
r  coime,  must  be  subjected  Irom  this  great  eccentricity  of 
ir  orbit;  nor  do  they  travel  like  tlie  planets  from  west  to 
Mt,  but  in  itU  directions  indiSereutly. 

I  Tlie  comet  seen  by  Sir  Isaac  Newton  in  the  year  1680, 
mediately  after  its  periheliau  pasMige,  was  observed  to 
qiproach  so  near  the  sun,  that  its  beat  was  estimated  by  that 
great  man  to  be  2000  times  greater  than  that  of  red-hot  iron: 
ud  further,  that  itei  length  amounted  to  the  enormous  extent 
(41,000,000  leagues. 

I  »fe.  It  must  have  been  a  very  solid  body  to  have  endured 
Meh  a  heat  without  being  entirely  dist-ipated. 
L/ih  Bo^  indeed,  it  should  seem:  and  a  body  thus  heated 
'n  its  beat  a  long  time;  for  a  red-hot  globe  of  iron, 
inch  in  diameter,  exposeil  to  the  open  air,  will 
e  aU  its  heat  in  an  hour;  and  it  is  swl,  liiat  a 
i'red-hot  iron,  as  large  as  our  earth,  would  scarcely 
0  50,000  years.' 
Ch.  Are  comets  numerous,  and  their  periodical  times  wel 
known? 

•  See  Bafldd't  lutHMet  of  NstDral  PhUotoiihr,  p.  »«.     led  tOUiao. 
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Fa.  The  orbits  of  129  comets  have  been  determined;  but 
onlj  68  have  a  direct  motion;  the  remaining  61  have  been 
found  to  have  a  retrograde  motion,  and,  wliat  is  surprising, 
their  orbits  intersect  the  ecliptic  in  every  imaginable  angle. 
However,  out  of  all  this  number  there  are  but  three  whose 
returns  to  the  sun  in  successive  revolutions  have  been  verified 
by  actual  observation,  and  brought  within  any  d^ree  of  cer- 
tainty. The  first  is  named  HaUey^s  comet,  the  return  of 
which  is  in  every  75  years.  The  second,  Ench^s  comet,  whose 
return  is  in  about  3^  years;  and  thirdly,  Biela^s  comet,  whidi 
returns  in  about  6  years  and  8  months. 

The^rst  of  these  appeared  in  the  years  1531,  1607,  1682, 
1759,  and  in  1835;  it  took  its  name  from  Dr.  Halley,  who 
applied  Newton's  laws  and  established  its  periodical  returns. 

The  second,  or  Encke^s  comet,  so  named  from  Professor 
Encke  of  Berlin,  who  computed  its  elliptic  elements,  appeared 
in  1789,  1795,  1801,  and  1805:  but  its  periodic  returns  were 
not  established  till  1819.  It  was  visible  in  1825,  1828,  and 
1832,  but  from  observations  it  is  thought  that  its  period  of 
return  is  continually  diminishing. 

The  third,  or  BiekCs  comet,  named  after  its  discoverer,  who 
was  an  Austrian  officer,  appeared  in  1772,  1789,  1795, 1832 
1839,  and  in  1846.     It  is  a  small  comet,  having  no  tail. 

Some  comets  have  been  observed,  whose  greatest  distance 
was  eleven  thousand  two  hundred  millions  of  miles  from  the 
sun;  and  whose  least  distance  from  the  sun*s  centre  was  but 
forty-nine  thousand  miles;  and  in  this  part  of  its  orbit  it 
travelled  at  the  immense  rate  of  880,000  miles  in  an  hour. 

Ja.  Do  all  bodies  move  faster  or  slower  in  proportion  as  they 
are  nearer  to,  or  more  distant  from,  their  centre  of  motion  ? 

Fa,  They  do:  for  if  you  look  back  upon  the  last  six  or 
seven  lectures,  you  will  see  that  the  planet  Herschel,  which 
is  the  most  remote  planet  in  the  solar  system,  travels  at  the 
rate  of  16,000  miles  an  hour;  Saturn,  the  next  in  order, 
21,000,  miles;  Jupiter,  28,000 miles;  Mars,  53,000 miles;  the 
earth,  65,000  miles;  Venus,  75,000  miles;  and  Mercury  at  the 
*  rate  of  105,000  miles  in  an  hour.  But  here  we  come  to  a 
comet,  whose  progressive  motion,  in  that  part  of  its  orbit 
which  is  nearest  to  the  sun,  is  more  than  equal  to  eight  times 
the  velocity  of  Mercury. 

Ch.  Why  are  they  called  comets^  Papa?    . 


p  Fa.  Tbe  ■word  cornel  is  derived  from  the  Greek  come  (jtofiij) 
|¥hair:"  and  has  been  apjiliett  to  these  lieavenly  bodies  from 
Ae  circuinstnnce  of  their  having  the  nppeamnce  of  being  at- 
ied  by  a  beard  or  hair.  The  centrid  and  more  luminous 
t  is  called  the  micleua:  if  this  nucleus  Ja  encircled  by  a 
ihebulousappeorance,  it  is  called  a  Aotrn/ comet;  if  a  nebulosity 
or  luniaous  tail  follows  the  comet  like  a  train,  it  is  called  a 
^'fed  comet;  if  the  nebulosity  preced&i,  it  is  called  a  ieonW 
comet.  But  these  distinctions  are  not  observed  in  modem 
tifxks  on  astronomy:  for  whether  they  have  any  nebulosity  or 
■  fail,  or  not,  they  are  simply  called  cornels. 

Ch.  Of  what  are  comets  constructed?  Are  they  supposed  to 
it  of  tbe  some  natore  9S  tbe  planets,  or  the  ^tars? 
^^    Fa.  The  physical  constitution  of  com?t'i,  though  it  has  been 
Iblgect  to  the  most  learned  inquiry,  is  still  involved  in  much 
rity;  and  Dr.  Herscbel  adds,  that  no  rational  or  plausible 
Ion  lias  been  yet  offered  in  respect  of  the  taU.     It  is 
y  probable  that  the  comets  are  merely  collections  of 
eous  matter:  the  nticUut,  when  seen  through  the  must 
werful  telescopes,  seems  to  haTe  no  solidity,  though  in  some 
b-'minute  stellar  point  has  been  observed  bearing  the  character 
if  a  solid  body;  and  the  luminous  appendage  also  seenis  tu 
liave  (he  nature  of  smoke,  fog,  -or  cloud,  yet  still  all  is,  nt 
resent,  hypothetical. 

d.  Were  not  comets  formerly  dreaded,  as  awful  prodigies, 

Ecn^ng  great  iJarm  among  the  inhabitants  of  the  world? 

Fa.  Yesi  to  uninformed  people  they  hnve  been  a  source  of 

■,  from  a  superstitious  notion  of  their  foreboding  evil  to 

rorld,  of  being  the  harbingers   of  indefinite  and  un- 

ftrmdable  calamity. 

QITESTIOKS  FOR  EXAMINATIOK. 
t  do  entneU  rpwinlile    hodles  more  futcr  or  alcver  iD  propor- 


cf  K)  cilled?— Ei^tls  thrir 
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OP   THB   SUM. 


FcMntr,  Haying  given  you  a  particiilar  description  of  tha 
planets  which  reyolve  about  the  son,  and  also  of  the  satellites 
which  travel  round  the  primarj  planets  as  central  bodies^ 
while  thej  are  carried  at  the  same  time  with  these  bodies 
round  the  sun,  we  shall  now  take  some  notice  of  the  soii 
himself, 

Ja,  You  told  us,  a  few  days  agOy  that  the  sun  has  a  rota 
tion  on  its  axis.     How  is  that  known  ? 

Fd.  Bj  the  manj  dark  spots  on  his  sur&ce,  it  is  ascertained- 
that  he  completes  a  revolution  from  West  to  £a8t  on  hia 
axis  in  about  26  days,  two  days  less  than  his  apparent  revo« 
lution,  in  consequence  of  the  earth's  motion  in  her  orbit,  ia 
the  same  direction. 

CA.  Is  the  figure  of  the  sun  globular  ? 

Fa.  No;  the  motion  about  its  axis  renders  it  spheroidkl, 
having  its  diameter  at  the  equator  greater  than  that  which 
passes  through  the  poles. 

The  sun's  diameter  is  estimated  at  892,000  miles,  which  is 
equal  to  upwards  of  100  diameters  of  the  earth ;  and  there- 
fore his  bulk  is  about  1,400,000  times  greater  than  that  of  the 
earth:  but  the  density  of  the  matter  of  which  it  is  composed 
is  four  times  less  than  the  density  of  our  globe,  yet  his  volume 
is  600  times  greater  than  that  of  all  the  planets  taken 
together. 

We  have  already  seen  that,  by  the  attraction  of  the  sun, 
the  planets  are  retained  in  their  orbits,  and  that  to  him  they 
are  indebted  for  light,  heat,  and  motion. 

Ch.  What,  Papa,  did  you  say  was  the  distance  of  the  sun 
from  the  earth  ? 

Fa.  The  sun  is  estimated  to  be  96  millions  of  miles  from 
the  earth,  and  were  a  cannon-ball  of  241bs.  weight,  to  be  im- 
pelled by  about  8  lbs.  of  gunpowder,  at  the  velocity  of  1600 
feet  in  a  second,  it  would  take  ten  years  to  reach  the  sun,  if  it 
proceeded  with  the  same  uniform  velocity.  Sound  would  take 
more  than  13  years  to  pass  from  us  to  the  sun;  Bn^Ughty  which 
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totvela  at  tho  rate  of  192,500  tniltss  ia  a  second,  0CGii[]ies  8  rain. 
18  »ec.  to  reach  us  Irom  the  sun. 

Ch.  Is  the  sun  supposed  to  be  inhabited.  Papa  ? 
fa.  Of  all  the  orbe  the  sun  we  know  is  the  most  conspi- 
B  and  the  most  munificent ;  and  through  liim  all  the 
rorldfi  are  enlightened,  and  by  liis  presence  we  behold  the 
7- 

The  first  thing  that  strikes  the  mind,  in  contemplating  this 

Lt  orb,  is  its  astonishing  magnitude,  which,  as  vre  have 

)t  observed,  is  more  than  a  million  times  larger  than  our 


IVom  the  efTecta  which  tliis  immense  bodj  has  in  enlight* 
ling  and  warming  us,  and  in  promoting  vegetable  and  animal 
le,  WB  should  naturully  be  disposed  to  believe  it  were  a  vast 
tAy  of  fire;  but  tltts  opinion,  although  it  prevailed  for  ages, 
naw  almost  r^ected. 

Some  astronomers  consider  it  not  improbable,  that  the 
K  ma^  60  nearly  resemble  the  earth,  as  to  be  a  Buitabln 
udence  for  rational  and  inimoital  beings.  Others  again 
nsider  it  to  be  an  immense  furnace,  bnt  everything  <-on- 
icted  with  this  subject  is  conjecture,  and  we  mnst  at  last 
cdaim.  with  many  others,  "  the  sun  is  a  vast  mystery." 

(tUESTIONa   FOB    BXAUI NATION. 


c  sun  ?  —  Whit  fail  (luUnw  frcmi 
oir  iBtBf  Hitul-  '  the  cirth  ?  —  What  Eg  tbo  iqiluifin  cf 
rtf  —  WUeh  of  I  pHloMplieri  u  to 
Ltnu?  — Wldob  I  body  m' the  nm? 
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or   TttE  FIXED   STARS,    AND   OF  THE   SHOOTIDC   STABS. 

Father.  We  will  now,  before  closing  our  Astronomical  Con- 
irsations,  refer  again  to  the  fixed  stars,  which,  like  our  sun, 
me  by  their  own  light 
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Ch.  Is  it  certain  that  the  fixed  stars  are  of  themselves 
luminous  bodies;  and  that  the  planets  borrow  their  light  from 
the  sun? 

fa.  By  the  help  of  telescopes  it  is  seen  that  Mercurj, 
Venus,  and  Mars  shine  bj  a  borrowed  light,  for,  like  the 
moon,  thej  are  observed  to  have  different  phases  according 
to  their  situation  with  regard  to  the  sun.  The  immense  dis- 
jtances  of  Jupiter,  Saturn,  and  Herschel,  do  not  allow  the 
difference  between  the  perfect  and  imperfect  illumination  of 
their  discs  or  phases  to  be  perceptible. 

Now,  the  distance  of  the  fixed  stars  from  the  earth  is  so 
great,  that  reflected  light  would  be  much  too  weak  ever  to 
reach  the  eye  of  an  observer  here. 

Ja.  Is  this  distance  ascertained  with  any  degree  of  pre* 
cision? 

Fa,  It  is  not:  but  it  is  known  with  certainty  to  be  so 
great,  that  the  whole  length  of  the  earth's  orbit  (viz.  190 
millions  of  miles)  is  but  a  point  in  comparison  of  it:  and  Hence 
it  is  inferred,  that  the  distance  of  the  nearest  fixed  star  can- 
not be  less  than  a  hundred  thousand  times  the  extent  of  the 
earth's  orbit;*  that  is,  a  hundred  thousand  times  190  millions 
of  miles,  or  19,000,000,000,000  miles.  This  distance  being 
immensely  great,  the  best  method  of  forming  some  clear  con- 
ception of  it  is  to  compare  it  with  the  velocity  of  some 
moving  body  by  which  it  may  be  measured.  The  swiftest 
motion  we  are  acquainted  with  is  that  of  light;  which,  as  we 
have  seen,  is  at  the  rate  of  12  millions  of  miles  in  a  minute: 
and  yet  light  would  be  about  three  years  in  passing  from  the 
nearest  fixed  star  to  the  earth. 

A  cannon-ball,  which  may  be  made  to  move  at  the  rate  of 
20  miles  in  a  minute,  would  be  1800  thousand  years  in  tra- 
versing this  distance.  Sound,  the  velocity  of  which  is  13 
miles  in  a  minute,  would  be  more  than  2  million  7  hundred 
thousand  years  in  passing  from  the  star  to  the  earth.  So  that 
if  it  were  possible  for  the  inhabitants  of  the  earth  to  see  the 
light,  to  hear  the  sound,  and  to  receive  the  ball  of  a  cannon 
discharged  at  the  nearest  fixed  star,  they  would  not  perceive 
the  light  of  its  explosion  for  three  years  after  it  had  been  fired; 
nor  receive  the  ball  till  1800  thousand  years  had  elapsed;  nor 

•  See  Dr.  Snfltld'ft  laitttntes  of  Natml  Fbttoeoplij,  p.  S47.    Seecnd  editWk 


lear  the  report  for  2  millions  and  7  hundred  thousand  years 
iter  the  explosion. 

Ch.  Are  the  flsed  stars  at  different  diatimces  from  the  earth? 

Fa.  Their  magnitude^  as  you  liave  karned,  appear  to  be 

'Uferent  from  one  another;  which  difference  may  arise  either 

a  diversity  in  their  real  magnitudes  or  in  their  distaneea, 

r  from  both  conjointly.    It  is  the  opinion  of  Dr.  Hersehel,  that 

bediSerent  appm^nt  magnitudes  of  the  stars  arise  from  the 

tfferent  distances  at  whieh  they  are  situated;  and  he  there- 

j  concludes  that  stars  of  the  serenlh  magnitude  are  at 

en  times  the  distance  from  us  that  those  of  the  first  mag- 

^tude  are. 

By  the  aseistaiiec  of  his  telescopes  he  is  able  to  discover 
lara  at  497  times  the  distance  of  Sirius,  the  D(^-star:  from 
wluch  he  infers  that  with  more  powerful  instruments  he 
liioald  be  able  to  discover  stars  at  etill  greater  distances. 

Ja.  I  recollect  that  you  told  us  once,  that  it  had  been  sup- 

Ked,  by  some  astronomers,  that  there  might  he  fixed  stars 
K>  great  a  distance  from  us,  that  the  rays  of  their  light 
I  not  yet  reached  the  earth,  although  they  had  been  travel- 
Bng  at  tliB  rate  of  1 2  millions  of  miles  in  a  minute,  from  the 
ijbtt  creation  to  the  present  time. 

Fa.  I  didi  it  was  one  of  the  sublime  speculations  of  t)ie 
celebrated  Uuygcns.  Dr.  Halley  has  also  advanced  what,  he 
nye,  seems  to  be  a  metaphysical  paradox;  vix.  that  the  num- 
t>N  of  fixed  stars  must  be  more  than  finite,  and  some  of  them 
i]rt  a  greater  than  a  finite  distance  from  others:  and  Mr.  Addi- 
■^  baa  justly  observed,  that  tliis  thought  is  far  from  being 
rfaitnLvagant,  when  we  consider  that  the  universe  is  the  work 
■«f  Infinite  Power,  prompted  by  Infinite  Goodness,  and  having 
"  1  infinite  space  to  exert  itself  in;  so  that  our  imagination 
in  set  no  bounds  to  it.  And  Pr.  Herschel's  discoveries  go 
Tery  far  to  establish  the  truth  of  these  conjectures. 

Ci.  What  do  you  suppose  is  the  use  of  these  fixed  stars  to 

as  on  the  earth?   Not  to  enlighten  the  earth,  I  imagine;  for  n 

•ingle  additional  moon  would  give  us  much  more  light,  eajie- 

dolly  if  it  were  so  contrived  as  to  afibrd  us  its  assistance  nt 

I  ■&06e  intervals  when  our  present  moon  is  below  the  horizon. 

Fa,  Your  conjectures  are  reasonable:  they  do  not  seem  to 

IT  shallow  reasoning  powers  to  have  been  created  for  our  use, 

e  tbouuuids,  and  even  millions,  cire  never  seen  but  by  the 
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'tasistanoe  of  glasses,  to  which  but  few  of  our  race  have  access: 
and  I  feel  that  your  minds  are  too  enlightened  to  imagine, 
like  children  unaccustomed  to  reflection,  that  all  things  were 
created  for  the  enjoyment  of  man  alone.  The  earth  on 
which  we  live  is  but  one  of  eleven  primary  planets  circulating 
perpetually  round  the  sun  as  a  centre,  and  with  which  are  con* 
nected  eighteen  secondary  planets  or  moons,  all  of  which  are 
probably  teeming  with  living  beings,  capable,  though  in  dif« 
ferent  ways,  of  enjoying  the  bounties  of  the  great  First  Cause: 
and  which  have  been  designed,  beyond  a  doubt,  for  some  great 
end,  by  the  Omniscient  Creator,  too  inscrutable  for  the  pre- 
sumptive reasoning  of  man. 

The  fixed  stars,  however,  are  probably  suns,  which,  like 
our  sun,  serve  to  enlighten,  warm,  and  sustain  other  systems 
of  planets  and  their  dependent  satellites. 

Ja.  Would  our  siin  appear  as  a  fixed  star  at  any  great 
distance? 

Fa.  It  certainly  would:  and  Dr.  Herschel  thinks  there  is 
no  doubt  that  il  is  one  of  the  heavenly  bodies  belonging  to 
that  tract  of  the  heavens  known  by  the  name  of  the  MUky 
Way. 

Ch.  I  know  the  milky  way  in  the  heavens;  but  I  little 
thought  that  I  had  any  concern  with  it  otherwise  than  as  an 
observer. 

Fa.  The  milky  way  consists  of  fixed  stars,  too  small  to  be 
discerned  by  the  naked  eye;  and  if  our  sun  be  one  of  them, 
the  earth  and  other  planets  are  closely  connected  with  this 
port  of  the  heavens. 

But,  my  dear  children,  it  is  time  that  we  should  bring  this 
subject  to  a  conclusion.  I  must  not,  however,  forget  to 
notice  those  well-known  meteors,  the  Shooting  Stars,  the 
origin  and  nature  of  which  are  involved  in  great  obscurity, 
and  which  have  of  late  years  excited  great  interest  by  their 
periodical  appearances  in  unusually  great  numbers.  The 
apparent  magnitudes  of  these  meteors  are  widely  different; 
the  greater  part  of  them  resemble  stars  of  the  Srd,  4th,  6th, 
and  6th  magnitude,  but  some  occur  which  surpass  stars  of  the 
Ist  magnitude,  and  even  exceed  Jupiter  and  Venus  in 
brilliancy.  They  are  observed  at  all  times  of  the  year,  but 
generally  speaking  they  appear  to  be  more  abundant  towards 
tbe  end  of  summer,  and  in  the  autumn,  especially  aboo^ 
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B  ISth  aail  13th  of  November.  Various  hypotbeses  have 
K|bem  propon^  to  aciKiunt  for  these  remarkable  phenomena;  in 
Fi^eoeral  tbe^  have  been  rej^^ded  as  meteors  having  their 
Biferigin  in  tho  atmosphere,  and  electridty,  magnetism,  and 
«]  gas  have  in  turn  been  assigned  s£  their  immediate 
The  hypothesis,  however,  first  suggested  by  Chladni 
■^  that  which  appears  to  have  met  with  most  favour,  having 
a  adopted  by  Arago  and  otljer  astronomers  of  the  present 
W'ivf,  to  explain  the  Noveniber  phenomena.  It  uin^iats  in 
Lmppostng  that  independently  of  the  great  planets,  there  exist 
fin  the  planetary  region,  myriads  of  small  bodies,  which  cir- 
r  flttkUe  about  the  sun,  generally  in  groups  of  zones,  and  that 
\  Mtne  nf  these  zones  intersect  the  ecliptic,  and  are  consequently 
gpcotintered  by  the  earth  in  its  annual  revolution. 
To-morrow  I  will  give  you  a  little  account  of  the  liistory  of 
■  most  interesting  and  most  valuable  science,  by  way  of  a 
[  'eoncluding  summary,  which  1  beg  you  to  read  atteiitirely. 

QUESTIONS  FO&  EXAHIRATION- 

thc  flnd  itBri?—  Wh»t  hu  Dr.  H»I. 
Icr  IdTiuicti]  mpecting  Huh  bodja? 
For  «h*C  Itsportanl  purpa»4  cui  ite 


IT  I*  11  knoim  that 


I  Ibedlrtui 


eb/ tt 


a  IlKlili 


ronid  ■  nj  of  light  be  li 

Pi SkT— Whence  doH  llieapp»n!ntm»g 

At  wbat  dl^iaocE  liu  Ur.  Umctie 

M  Bofgcoi  ay  of  t)i<^  dieiancrt  ci 


BID  ippcir  u  ■  flxed  bL 
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^B  Cknrle».  You  promised.  Papa,  to  give  us  a  concise  history 
^^(^thid  interesting  scienceof  astronomy;  can  you  do  so  to-day? 
^         Fa.  Yes;  and  I  will  read  it  to  you;  and  I  hope  you  will 

give  it  that  attention  which  its  importance  deserves. 

Afltronomy   ia  the   science    that  describes   the   heavenly 

bodies;  namely,  the  sun,  moon,  and  atarg,  together  with  the 
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planets,  comets,  and  other  phenomena.  It  explains  the  figure 
and  motion  of  the  earth,  the  cause  of  day  and  night,  and  the 
variety. of  the  seasons,  the  tides  and  eclipses.  It  is  a  science 
worthy  of  your  highest  consideration,  and  it  is  so  beneficial 
in  its  effects  to  the  mind  of  man,  that  it  deserves  our  utmost 
attention,  and  claims  our  highest  admiration. 

By  this  subUme  science  we  are  enabled  to  explore  the  whole 
universe,  so  far  as  the  human  eye  can  reach,  pursue  the  dif- 
ferent planets  in  their  uniform  course,  and  also  trace  the  laws 
by  which  they  perform  their  evolutions  with  so  much  order 
-and  harmony. 

These  contemplations  are  worthy  of  every  rational  being, 
and  have  for  many  ages  engaged  the  minds  of  the  most  en- 
lightened men  of  every  nation.  Indeed  there  is  no  study  that 
BO  readily  leads  man  to  a  knowledge  of  his  Creator^  and  the 
•conviction  of  the  duties  he  owes  to  God  and  society,  as  that 
of  astronomy. 

The  science  of  astronomy  was  first  cultivated  by  the 
Chaldeans,  the  Phoenicians,  and  Egyptians.  It  was  from  them 
that  the  Greeks  derived  their  first  knowledge  of  this  science^ 
as  also  that  of  several  others. 

Ja.  Who  was  the  first.  Papa,  that  laid  the  foundation  of 
astronomy  among  the  Greeks? 

Fa.  Thales,  a  native  of  Miletus,  in  Asia  Minor,  B.C.  641, 
who  predicted  an  eclipse,  and  explained  its  cause.  He  taught 
that  the  earth  was  round,  and  divided  its  surface  into  five 
zones ;  he  discovered  the  solstices  and  equinoxes,  and  divided 
the  year  into  365  days. 

The  opinions  of  Thales  were  maintained  and  taught  by  his 
pupil  Anaximander,  who  is  said  to  have  invented  maps  and 
dials,  and  also  to  have  constinicted  a  sphere. 

Another  of  Thales'  scholars  was  Pythagoras,  who  is  sup- 
posed to  have  been  a  native  of  the  island  of  Samos.  Pytha- 
goras travelled  in  quest  of  knowledge  through  Phoenicia, 
Chaldea,  India,  and  Egypt.  Having  returned  from  the  East, 
he  visited  his  native  island,  but  meeting  with  little  encourage- 
ment, he  passed  over  into  Italy,  and  opened  a  school  in  the 
city  of  Crotona;  where  he  taught  publicly  the  vulgar  doctrine^ 
that  the  earth  was  the  centre  of  the  universe;  but  to  his 
scholars,  he  communicated  his  real  opinions,  which  were 
similar  to  those  afterwards  adopted  by  Copernicus,  of  Thonn^ 
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IbPrnBsio,  and  followed  Up  by  Sir  Isaac  Newton;  namely,  that 
"le  earth  and  all  the  planets  move  rouurl  the  sun,  as  their 
mtre;  which  doctrine  Pythagoras  is  supposed  to  have  Jc- 
»ed  from  the  Indians. 

I  Among  the  most  celebrated  of  the  ancient  aatronoratrs, 
r  Pytliagoras,  were  Ptolemy  of  Alexandria,  in  'Egypt, 
kri>tan:huB,  Eratosthenes,  and  Uip parch u^. 
^  T,Tie  school  of  Alexandria  subBistetl  for  about  five  hundred 
B  after  Ptolemy,  till  that  city  was  taken  by  the  Arabs, 
i  its  famous  library  destroyed  (a.  d.  642,)  which  served  as 
kI  for  six  months  to  heat  the  baths  of  Alexandria. 
kBat  the  Arabs,  in  less  than  a  century  after  they  had  burnt 
e  library,  and  disperr-ed  ll)e  learned  men  of  Alexandria, 
n  to  have  a  taste  fur  lilcrature,  and  lamented  the  loss  of 
it  their  fathers  Iiad  destroyed. 
L.They  now  collected  the  manuscripts  which  had  escaped  the 
Itanea,  and  their  barbarity;  when  Bagdad,  their  capital  city, 
ft  the  reign  of  Haroun  al  Raechid,  bet^e  the  seat  of  learning, 
■  Alexandria  had  been  under  the  Ptolemies. 
^  That  branch  of  mathematics,  called  Algebra,  in  which 
mben  and  quantities  are  represented  by  signs  and  symbols, 
mly  by  letters,  was  derived  from  tlie  Arabs,  who  are 
d  to  have  borrowed  it  from  the  Persians,  and  they  from 
e  Indians.     As  also  the  numerical  characters  or  liguresj 
mely,  1,  2,  3, 4,  5,  6,  7,  8,  9,  and  the  0,  a  cypher,  or  Zero. 
I  Among  the  most  celebrated  characters  of  the  middle,  or  dark 
I,  were  Behe,  his  scholar  Alcdin,  and  Koger  Bacon;  all 
itives  of  England.     To  their  great  learning,  they  joined  the 
wledge  of  astronomy,  which  was  very  considerable  for  the 
'a  which  ihey  lived, 
fin    the    fifteenth    century  two   events   happened  which 
uiged  the  face  both  of  literature  and  science:  the  invention 
Jf  printing,  obont  tlie  year  1440;  and  the  taking  of  Constan- 
niMple  by  the  Turks,  in  1453. 

The  learned  of  that  city  having  escaped  from  the  cruelty 

of  the  victors,  fled  into  Italy,  and  introduced  into  that  country 

a  teste  for  classical  literature,  which  was  greatly  promoted  by 

^B^be  munilicence   of   the    Emperor    Frederic    III.;    Pope 

^^Hicholas  v.;  and  particularly  of  Cosmo  pe'  Medici;  who 

^^wtly  merited  the  name  of  "  Fatssr  op  his  Couktrt,"  and 

^^V^ATBOH   OF   THK  MuSES." 
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Among  the  moBt  celebrated  of  the  modem  astronomers  were 
Nicolas  CopeiuQous,  the  restorer  of  the  Pythagorean 
doctrine,  and  the  author  of  the  rational,  or  true  system  of 
astronomy,  now  universally  received  under  the  title  of  the 
*^  CoPERMiCA,N  StsTEM:"  he  was  bom  in  Thorn,  in  Prussia, 
in  1473;  also  Tycho  Bbahe,  Kepler,  Galileo,  Descartes, 
the  great  Sir  Isaac* Newton,  and  Dr.  Herschel. 

Copernicus  established  the  rotation  of  the  earth  round  its 
axis,  which  is  the  cause  of  day  and  night,  and  its  motion 
round  .the  sun,  which  is  the  cause  of  the  variety  of  the 
seasons.  The  doctrine  of  Copernicus,  however,  was  not 
generally  adopted;  as  the  most  eminent  philosophers  of  Europe 
still  adhered  to  old  opinions,  as  those  of  Ptolemy,  and  others 
of  the  ancients. 

The  science  of  astronomy  was  greatly  enriched  by  Tycho 
Brahe,  a  noble  Dane,  who  was  bom  in  1546.  He  adopted 
neither  the  system  of  Ptolemy,  nor  that  of  Copernicus.  He 
supposed  the  earth  to  remain  at  rest>  and  the  sun  and  moon  to 
move  round  it,  but  all  the  other  planets  to  move  round  the 
sun.     This  opinion,  however,  b«d  but  few  followers. 

Contemporary  with  Tycho  was  the  celebrated  Kepler,  who 
was  bom  at  Weil,  near  Wirtemburg,  in  1571.  Kepler  was 
considered  as  one  of  the  greatest  phiLsophers  that  ever  lived; 
and  by  some  is  regarded  as  the  discoverer  of  the  ^^  New 
Si/stem  of  the  World"    He  was  an  assistant  to  Tycho  Brahe. 

Kepler  united  optics  with  astronomy,  and  thus  made  many 
important  discoveries.  He  was  the  first  who  discovered  that 
the  planets  move  not  in  a  circle,  but  in  an  ellipse;  and  thal^ 
although  they  move  sometimes  faster,  and  sometimes  slower, 
yet  they  describe  equal  areas  in  equal  times.  It  was  from  the 
principles  laid  down  by  Kepler,  that  Sir  Isaac  founded  many 
•f  his  discoveries. 

-  Contemporary  with  Kepler  was  Galileo,  who  was  bom  at 
Pisa,  in  Italy,  in  1564.  Galileo  was  illustrious  for  his  ina* 
provements  in  mechanics,  for  his  explanation  of  the  effects  of 
gravity,  and  for  the  invention,  or  at  least  the  improvement,  of 
telescopes,  the  use  of  which  opened  to  him  a  wide  field  of 
wonders. 

.  He  now  observed  with  astonishment  the  increased  raagni- 
tjade  and  splendour  of  the  planets  and  their  satellites,  formerly 
invisible;  which  afforded  additional  proofs  of  the  truth  of  the 
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Copcrnictm  system;  particularly  in  dut^uvering  the  sateUlte«,j 
of  Jilpitcr,  aiid.tLe  phases  of  Venus,  lie  also  discovered  an  J 
iniiumersble  nnmber  of  stars,  which  the  oakeJ  eje  hitherto  1 
arv^T  TOuld  dJMem.  I 

Up  to  this  period,  die  system  of  Copernicus  luid  gained  baft  . 
few  converts,  and  the  greater  part  of  the  profeBSoreaiid  learned! 
men  of  Europe  still  supported  the  old  doctrine.  Tlie  Coper-  \ 
nican  aystem  was  Wrst  publicly  defended  in  Euglioid  by  Dr^'i 
WiJkins,  ill  1660:  in  France  by  Gaaaeadj,  who  published  . 
many  vnlnable  works  on  philosophy.  He  was  Lorn  in  1592,  \ 
the  year  that  Columbus  discovered  America,  and  died  iu  1655^  j 
Descartes,  a  celebrated  philosopher,  was  born  at  La  Ilaye^  | 
in  France,  in  1596.  He  «irly  distinguished  himself  by  hii  * 
knowledge  of  mathematics.  His  notions  of  astronomy  were  ' 
rerr  similar  to  those  of  Copernicus.  I 

But  of  all  the  philosophers,  the  most  celebrated  was  Sir  ^ 
IWac  Newton,  who  was  born  at  Woolatrope,  in  tiio  county  of 
Lincoln,   on    Christmas-day,  in   1642.     No  man  ever  con-   i 
tributed  more  to  enlarge  th*  boundaries  of  science  than  Sir 
Isaac  Newton. 

The  science  of  astronomy  has  been  also  greatly  indebted  to  ■ 
Dr.  Horschel,  who,  by  augmenting  the  powers  of  telescope* 
bejend  the  most  sanguine  expectations,  opened  a  scene  of  in-    ' 
restigation  altogether  uidooked  ibr.  I 

By  thia  indefatigable  observer,  we  were  made  acquainted  * 
with  a  new  primary  jjianet  belonging  to  our  system,  called  I 
Berschel,  or  Uriinus,  which  he  discovered  on  the  18th  of  j 
Uarcb,  1781;  and  which  being  twice  the  distance  of  Satara  j 
from  the  sun,  ha.s  doubled  the  bounds  formerly  assigned  to  thfl  1 
*  SoLAK  System."  I 


QUESTlOUa  FOR  E.YAMINATION, 


^nirt    it    utroiionix?~BT   wliom 

namertut  Ogunt?  _  Wlio  weK  taoag 

the  mott  cclebnl«d  cbmclen  of  Iha 

middle  uga ;    and  of  vhu  counuy 

P^iBi»™  ?  whiit »»  W*  doclrinu? - 

■men  they  umHtm?— WUaigiMt  erenM 

Wbo  WM  PlolBinr.  Mid  for  wliU  noted  f 

bappcned  In  Ihc  BftcmUi  oeBUiry  i  md 

— B/  whom  uid  witm  «u  the  Alciao- 

■hill  -a.  the  rault?  —  Who  wtn 

driu  library  d.!jtrny«lf— For  wIibI 

g  raong  !hF  mm  t  «lf  brstcd  ortlie  modem 

were  Uie  Arata  noc«l  ?- Wh.l  *ere 

Uwir  chief  dlKOTcrU*?  — Dftgtlid?  — 

a  iaetlMt*  i^  Aliatm.  uul  of  Uu 

tlnpdA«l' 

DEFINrnONS  EXPLAINED. 

1.  Ttit  he«™il)' bodies  in  either  TiXED  stabs  or  rtABtTS, 

».  TliB  filed  Mm  nlwojt  renuln  in  the  nuno  fclaOve  position  wlili 

to  «ch  other  i  trot  the  pluieUi  arc  contlniully  charging  their  plicei.  bt 

tvfV^  to  the  fixed  ttnrKi  nnd  to  tlirmscJvpA  jiIbo- 

3.  ITie  ECLtmc  ii  an  innginiry  giMi  circle  In  the  !ie»Teni,  wliith 


^ 


I.  Tl»  Ecumc  njOB  along  ilie  i 
I.  Within  the  Zodiac  the  pliinel 


B  cerliLn  tnut  intlichckVi 


n  u  ■  "  centre.  oT  Mfeii  prfmirr 
pluield  ind  tight«;en  e^teliited."  or  BecDndarT  pionets,  IjcAidee  tOar  ntVilj  dis- 
cotered  BiBiUl  bodies,  celled  b/  Dr.  Henehel  "  ««miiA," 

T.  The  KOOR  i>  >  lecDodaTy  planet  moving  round  Ibe  cErlh. 

i.  The  moon  and  the  sun  are  on  the  mi^Tidian  iX  the  uiue  time,  every  new 

».  Atl  Uje  planets  move  Id  DrWt*  that  ue  ncarlj  circular,  Init  wliidi  are 
mil]'  elliptical,  hating  llic  sun  Inoneloens. 

ID.  They  are  prcKried  In  their  orUts  by  the  poirer  of  attraction,  and  Ihe 
ccntrifuRal  TDrce,  which  exactly  balance  uuh  olhpr. 

II.  liie  earth  isaiphericai  body,  the  diameter  of  which  Is  nearly  tlOno  miles 
long.  It  is  nut  apcrfcct  sphere.  bntoBphen^d,  tbe  diuasterfYom  pole  to  pole 
bdngSB  miles  shorter  thantlist  at  the  ei|uator. 

lt(.  The  earth  turns  on  an  ixagikasy  axis  once  in  3t  lioun,  Iliercby  pn>- 
dndng  to  lis  Inbahlunti  a  nnitnnt  Bucccuion  of  day  and  night. 

13.  The  axiiofltic  earth  is  Inclined  about  !BJ=  from  tiic  perpendicnhir. 

if  the  earth,  which  cancnl  be  made  aentlblclo  thgw 
unhilbmicd  lu  belletc  Ibit  the  heavenly  bodiei  risa 
everj  day  in  the  cast  and  set  in  the  wcit. 

IS.  The  people  on  the  tquaUir  travel  bf  the  diurnal  notion  of  the  cuth  U 

II.  The  Kiua^iBri.nm  dif^  tnm  the  mth-al  *iKi'.-»r>  in  thin,  that  the  former 
»  of  the  earth,  and  the  latter  is  itnpiiogcd  lo  be  viewod 


I.  The  diurnal  id 


n.  The  heavens  are  In  every  part  adomei 
horiion  In  the  day  cannot  be  seen  owing  Id  tl 

18.  The  earth  bas  an  annual  motion  round 
(Cfij  days. 


with  il 


le  days  > 


I.  tnt  those  above  Un 


Id  of  tt 


I 

L 


•10.  Offing  to  the  cillpUcal  orlrll  of  the  earth,  vtc  are  3.000.000  ofm 

of  the  sun,  andDpou  the  time  whlc)>  heia  above  the  hurlion. 

holiest  part  of  the  summer  [>  a  monlli  or  I>vo  after  ihc  lonReit  day. 

meridian  takes  in  revolving  from  a  tlxcd  ■tm'  to  that  alar  again  I 
so  minutes  and  4  seconds.     This  Is  called  the  tidernif  day. 
f4.  Tbembt  dayli  the  time  which  any  meridian  of  the  esrth  takes  In  Fevolv- 

19,  Juuvs  CesAB  dittdnl  the  year  into  aes  days  and  a  quarler,  making 


parUculir 


'  '"^.u  Iciig 


igth  d 


IT  being  only  fl' 


I  M  ii 
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war  mntlaaeil  <n  general  nte  tilt  13B1,  wben  tlie  error,  irfaleh 
\tyt,  wu  comclFd  b^  Pope  Okeoorv.    H«d«  tluj  "  .V«b 
Uldopwdln  En^Rnd  Ulttlic  ymrllH. 
od,  the  jeu  begun  In  Englnad  on  the  mli  or  Uwcli.  but 
at  of  cmcti  jpir  bu  been  on  JunniuT  l.« 
11(4.  or  tht  time  which  tlie  mDon  uiiet  In  revolving  from 
a  palDluTthebeivens  to  inotlier,  contUuuf  ildTA  13'. 
SO,  The  lywduB'  naiiU,  or  the  time  patwcd  Ittim  nvH  moon  to  De»  diood  Ii 
<d  19A  II'. 


it.  Atebugeor  nvwuuioii,  thai  bnily  it  betwi'rn  tbeenrtli  uid  sun. 
St.  At  full  moon,  tbc  eulh  ti  between  tbe  inn  uid  moon. 
II.  The  len^  of  n  diiy  uil  nfRlit  iu  the  moon  fl  »ltul  to  tathcr  more  than 
Ktamli'-Biiie  anda  hilforour  dara:  the  Ipngtb  of  her  yea,  whieli  ji  ineiuurtd 
F'tr  her  Joume;  round  tbcnn,  it  ninilto  tliatoTiwn, 

IS.  One  liemlipliere  of  Uie  moon  ie  nerer  In  durkneu :  to  the  other  there  1b  ■ 
~  might-*  light  and  dirkneM  by  (iinu. 
'    tJ.  Tlie  eartli  Bxaj  be  regarded  ]U  a  MtclKte  to  t!ic  monn.  and  will  appear  (o 
~te  tnliabitanti  of  that  Indy.  lubjcct  to  all  the  ehingei  wblob  the  moon  under- 

^  M  All  tite  ptineti  probnbiy  revolx  alwat  an  ImaglDar;  axle,  la  Tailow 
■Mod*  of  lime,  which  auiititute  Ibelrdajr  and  night. 

J*.  In  everjr  pUiiot.  ITji  revolution  about  the  aun  fijmu  Iti  year. 
*  M.  TnmoitortheplanetitheBxLiialncllnedtothoortiit,  whlehoccaHoiutbe 
'iTcnill'orKasoni. 

41.  BdijHH  nfOm  nil  are  oMsaloned  by  the  moon  eoniing  between  the  earth 
■d  the  lun,  and  thus  hiding  ili  itlac  IVom  our  riew. 

4'/.  Ediptri  of  Ou  nwm  an  Dwlng  to  tlie  aliadow  of  the  earth  projected  by  Ilie 
m  fUliog  npon  the  moon. 

41.  The  eclipse*  of  the  other  satenilei  iirc  caneeil  by  their  coming  into  the 
riudom  of  their  rtapectlve  prinoriei. 

44.  Tlie  TiDXi  are  owing  to  the  effect  oT  the  attraction  of  the  moon  and  Bun 
■poB  the  waCera  of  the  tea.  j 

4e.  When  the  mm  and  moon  act  togclh  er  they  occaelon  tpriiig  tides :  when 
Ibcj  nmnteract  each  other^i  attraction,  urap  (ides  take  place. 

45.  Tlie  moon  In  general  rlsei  about  three  quarters  ufan  hour  later  everyday 
tbui  OB  the  one  preceding :  but  about  the  time  of  harreet,  and  Mme  days  belbn 
asd  after  Ihll  moon.  It  riKl  several  nigbta  together,  within  a  fcvi  minute!  oT 
the  aune  time.     Tbia  la  called  Uie  "  HABVEir-MooK." 


™  round  llw  ran  at  the  distance  of  ST  mlHianii  of  milea,  and 
ilaneienJoyaliBeven 

ircarlsabout  314^of 

1.  Tlic  diameter  oTTeoui  is  TIOO  milea  In  length,     Shetonu  about  her 


I 
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U.  ILuu  liltl  mllUimi  ofmaej  Aomths  mn:  the  IcDglb  ot  liii  yar  li  GS7 
Of  our  diyiitnd  tbe  roUlioa  on  hi^  nxin  li  pcrrnnncd  In  3t  haun  39  mlnutH. 

es.  The  diBDieUrof  Mmli  ddI^t  «ISI)  mllaa.  ud  he  «ga/B  about  lulTas 
■UMh  tight  uid  be*l  a*  we  stptHence. 

IVT.  The  dUmetfrnf  Jupiter  li  VO, ODD  milci.  and  hif  dkluds  (hua  the  *UD  Ii 
esllmeted  M  ma  miUiona  of  mtlet. 

63.  The  rear  of  Jnptlvrii  equj  tonttflr  13  of  oon.  uid  idar  anil  nlxhl  hi 
tluE  pluit  »«  equal  to  lea  hgun,  Tbe  Inliiibituiti  of  Jupiter  do  notenjDjr  more 
Ihui  B  Iwent7-Bflh  put  u  miKli  heat  uaa  light  u  nc  da  ou  the  eirth. 

to.  The  oqiutoiial  diuneter  of  Jnirilcrii  bUUO  mliei  greater  than  Ilie  pohtr 

8<i.  There  lino  IncllnaUan  of  the  avli  of  Jupiter,  ludofcaune  no  tuletjr  of 

CI.  JnnTES  bu/«ir  utFllil«l,  aubJeot  to  be  ccUpHd  like  oar  moona.  From 
thew  ecUpio.  it  liu  beca  found  thiit  n; g  of  light  come  from  the  tun  to  the 
nrthin  rigU  mimift;  d  lODiae.  ligbt  trareli  at  the  rule  of  li  mlUlaniormllca 

et.  ThcdlBineterorSBtumliDeu'lT  3t 
fkom  Um  nin  li  more  itua  BOO  nulUDOi  • 
thirtf  of  oiuK. 

<t.  Satani  enjorl  90  Unm  lea  li^lit  i 
earth  :  neverthelfis.  the  light  of  the  ran 
tnoea  that  whlrh  we  enjoT  from  the  fall  bi 

«t.  Sitom  Is  ulleudeil  b!  invn  mooni  ...  .... 

Hnga,  which  an  pnbably  awfal  In  rsOeeUng  light  tioai  the  bud  uu  the  body 

IE,  Hatnrn'i  da^  and  night  It  about  I'H  hounu  and  hia  equatorial  diaoteterii 
angrrlhuu  his  polar  dlainrler  iTiIhe  proportion  of  11  to  ID. 

M.  Tbe  diameter  of  HerMhet  i;  uearl/  Si  thouwnd  mllca  in  length,  and  bli 
dltlaoee  Train  ihe  lun  l»  aaUmaied  at  ISOO  milUaiia  of  milri. 

•T.  The  year  ofllerachel  li  equal  to  6)  Dfonr  yeara.  Ho  has  «lJt  sutallilea; — 
nw  Bght  and  beat  eoJoyed  by  thli  phuet  (him  the  nun  are  more  IhuD  Snn  timia 

:  a  ipedea  of  planoti  m 


Is  aboul  1 3  diri,  which  It  two  da;a  lua  than  hit  apparent  re 

ooi^io^l)'  about  •  mlUlDn  of  Umei  greater  than  that  of  the  evth ;  but  the  deniily 
of  the  muter  of  which  the  (anil  compotwl,  Ufout  timet  l«ai  than  the  duull;  of 

Ji.  The  raUD  BTAHs  are  probably  mnB  »l  immente  dlitanecs  Ihnnus  andllxmi 
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-CUAELE3 —  EMMA. 


d 


tudy  of  Niitural  and  Espfirimenfal 
V  proteed  with  thnt  braucli  of  science 


.  In  pursuing  01 
lilosophy,  we  sliall  ii 
■  ■  is  called  "  Hypi 

.  That  is  a  difficult  word,  Pupn.      iV'hat  are  we  to  ua- 

.  Almost  all  the  technicfll  terms  made  use  of  ,iu  scieace 

r  Greek,  or  derived  from  the  Greek  language,  aa  I 

a  previously  told  you.     The  word  hydraslaticn  is  formed 

wo  Greek  words  hydor  (ift^p)  "water,"  and  slaliet  from 

I  (oTtiu)  "  I  stund,"  and   is  the  science  whiclt  considers 

fi  tueight  or  tguiUbrium  of  bodies.     But  Hydrostatics,  as  a 

li  of  Natural  Philosophy,  treats  of  the  nature;  pressure, 

b  motion,  and  equilibrium  of  fluids  in  general,  and  likewise  of 

"  e  methods  of  weighing  solids  in  thein. 

'".  Is  tliis  an  important  part  of  knowledge? 

.  Taken  in  this  extensive  sense,  it  yields  to  none,  as  to 
il  importance;  end  a.^  to  interest,  the  experiments  I  shall 
you  are  curious  and  highly  amusing. 
I.  Shall  we  be  able  to  repeat  them  ourselves? 
.  T«,  most  of  them,  provided  you  are  very  careful  ia 
ing  the  instrumcnt-i,  almost  all  of  wliicli  are  made  of  glass.  - 
_'it  to  teU  you  that  many  writers  divide  this  subject  into 
I  distinct  parts,  viz.  HifdrMtatkt  and  Hifdravliai  th« 
r  relating  particularly  to  the  motion  of  waler  through 
I,  conduits,  &o.,  the  laws  by  which  it  \»  regtdated,  and 
iffects  it  produces:  the  word  ffydraulic  is  derived  tVom 
£  Greek  Ayrfor  (Wup)  "  water,"  and  aulos  (auXni)  "  a  pipe." 
,  however,  I  shall  pay  no  regard  to  this  distinction, 
mt  deecribe.  under  tiie  general  title  of  Hydrostatics,  the  pro- 
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perties  of  all  fluids,  and  principally  those  of  water;  explaining, 
as  we  go  on,  the  motions  t)f  it,  whether  in  pipes,  pumps,  or 
sjphons,  and  the  engines  of  different  kinds,  fountains,  &c.,  in 
connexion  with  it.     Do  jou  know  what  a  fluid  is? 

Ch,  I  know  certainly  how  to  distinguish  a  fluid  from  a 
solid:  water  and  wine  are  fluids;  but  whj  thej  are  so  called, 
I  cannot  tell. 

Fa.  A  fluid  is  generally  defined  to  be  a  body;  the  parts  of 
which  readily,  without  any  sensible  resistance,  yield  to  any 
impression,  and  in  yielding  are  easily  moved  amongst  each 
other.  * 

Em,  But  this  definition  does  not  notice  the  wetting  of  other 
bodies  brought  into  contact  with  a  fluid.  If  I  put  my  fingers 
into  water  or  milk,  a  part  of  it  adheres  to  them,  and  they  ai\ 
said  to  be  wet. 

.  jFa«  Every  accurate  definition  must  mark  the  qualities  of 
all  the  individual  things  defined  by  it.  There  are  many 
fluids  which  have  not  the  property  of  wetting  the  hand  when 
plunged  into  them.  The  air  we  breathe  is  a  fluid,  the  parts 
of  wliich  yield  to  the  least  pressure;  but  it  does  not  adhere  to 
the  bodies  surrounded  by  it,  like  water. 

Em.  Air,  however,  is  so  different  from  water,  that,  in  this 
respect,  the  two  will  scarcely  admit  of  comparison. 

Ch,  I  have  sometimes  dipped  my  finger  into  a  cup  of  quick- 
silver; but  none  of  the  fluid  adhered  to  it. 

Fa,  Of  course:  and  hence  you  will  find  that  Natural  Phi- 
losophy distinguishes  between  fluids  and  liquids.  Air,  quick- 
silver, and  melted  metals,  are  fluids^  but  not  liquids:  while 
water,  milk,  beer,  wine,  oil,  spirits,  &c.,  are  both  fluids  and 
liquids. 

Ch,  Are  we  then  to  understand,  that  Uquids  are  known  by 
the  property  of  adhering  to  different  substances  which  are 
.ijtnmersed  in  them? 

Fa.  This  description  will  not  always  hold  good;  for, 
although  mercury  will  not  stick  to  your  finger  if  plunged  into 
a  cup  of  it,  yet  it  will  adhere  to  many  metals,  such  as  tin, 
gold,  &c.:  and  therefore  you  will  remember  that  the  dis- 
tinction between  liquid^i  and  fluids  is  used  more  on  account  of 
common  convenience  than  philosophical  accuracy. 

Em.  You  said,  I  believe,  Papa,  that  a  fiuid  is  a  body 
whose  parts  yield  to  the  smallest  force  impressed. 


^a.  That  is  the  definition  of  n  perfect  fluid:  and  the  less 
roe  that  is  required  to  move  the  parts  of  a.  fluid,  tlie  more 
tfect  is  that  fluid. 

Ch.  But  flow  do  people  reason  respecting  the  particles  of 
bich  fluids  are  cumposed?     Have  they  ever  seen  them? 
Fa.  Pliilosopliers  iuuigine  they  must  be  exceedingly  small, 
l>ecanse,  with  their  best  glasses,  they  have  uever  heen  Able  to 
^Kscem  them.     And  they  contend  that  these*  particles  must 
be  round  and  smooth,  as  they  are  so  easily  movisd  among  and 
crrer  one  another.     If  tliey  are  round,  there  must  be  vacant 
•paces  left  between  them. 
£ni.  How  is  that,  Papa? 

fa.  Suppose   a  number    of   cannon   balls   were  |C-™^ 
'Vlaced  ia  a  hirge  tub,  or  any  other  vessel,  so  as  to  rjQlJ 
fill  it  up  even  with  the  edge:  although  the  vessel  [4  |j 
■ould  contain  no  more  of  these  large  balls,  yet  it  r4jtj 
xiuld  hold  in  the  vacant  spaces  a  great  many  smaller  (Jy^ 
'■hot;  and  between  these,  otherd  still  smaller  might    fi^-.  1. 
'■he  introduced:  and  when  the  vessel  would  contain 
'lut  more  small  shot,  a  great  quantity  of  sand  might  be  shaken 
Jn,  between  the  pores  of  whlcli,  water  or  other  fluids  would 
•ludilj  insinuate  themselves. 

Take  a  phial  with  some  rain  water:  mark  very  accurately 
le  height  at  which  the  water  stands  in  the  bottle:  and  then 
itrodnce  a  small  quantity  of  salt,  which,  when  completely 
[Baolved,  you  will  And  has  not  in  the  least  increased  the  bulk 
water.  When  the  salt  is  taken  up,  sugar  may  also  be 
he  same  water,  without  milking  any  addition  to 

StBbulk. 

Em.  Are  we  then  to  infer  that  the  particles  of  salt  are 
Mnoller  than  those  uf  water„  and  lie  between  them,  as  the 
pBudl  shot  lie  between  the  cannon  bolls;  and  that  the  particles 
1^  sogar  are  flner  than  those  of  salt,  and  like  the  sand  among 
Ae  shot,  will  insinuate  themselves  into  vacuities  too  small  for 
the  admission  of  the  salt? 

Fa.  I  think  the  experiment  fairly  lends  to  that  conclusion. 
Another  fact  respecting  the  parti^Jea  of  fluids,  deserving  your 
notice,  is,  that  they  are  exceedingly  hard,  and  almost  inca- 
pable of  compression, 

CA.  What  do  you  mean,  Papa,  by  compreaaioa? 

Fa.  I  mean  tl^  act  of  squeezing  auything  in  order  that  its 
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ports  tBAj  be  broagbt  nearer  together.  Almost  all  substancss 
with  which  we  are  acquainted  may,  hj  ueanB  of  preasurs.  be 
reduced  into  a  smaUer  space  than  they  naturaUy  occupy.  But 
water,  ml,  spirit,  quickflilTer,  in:.,  cannot,  by  any  prtissure  ot 
wliich  human  art  or  power  is  capable,  be  reduced  into  a  space 
leimblif  less  than  they  naturaJly  possess. 

Em.  Has  the  tiial  ever  been  madei* 

Fa.  Yea;  and  by  some  of  the  ablest  philosophers  that  ever 
lived:  they  have  found  that  water  will  penetrate  through  the 
pores  even  of  gold,  rather  than  suffer  compr&«sion  into  a 
smaller  space. 

Ch.  How  was  that  tried? 

Fa.  At  Florence,  a  celebrated  city  in  Italy,  a  globe  made 
of  gold  was  llUed  with  water,  and  then  closed  ho  accurately 
that  none  of  it  could  escape.  The  globe  was  then  put  into  a 
press,  and  a  little  flattened  at  the  sides:  the  con-^equence  of 
which  was,  that  the  water  came  through  the  fine  pores  of  the 
golden  globe,  and  stood  upon  ita  surface,  like  drops  of  dew. 

Ch.  Would  not  the  globe,  then,  contain  as  niueh,  after  its 
odes  were  bent  in,  as  it  did  before? 

Fa.  It  would  not:  and  as  the  water  forced  its  way  through 
the  gold  rather  than  suffer  itself  to  be  bronght  into  a  smaller 
space  than  it  naturally  occupied,  it  was  concluded,  at  that 
time,  that  water  was  incompressible.  Later  experiments 
have,  however,  shown  that  those  lluids  which  were  esteemed 
incompressible,  are  capable  of  compression  in  a  very  small 
degree,  (to  the  extent,  perhaps,  of  one  part  in  twenty  thoa* 
sand.) 

Mm.  Is  it  on  this  account  you  conclude  that  the  particles 
are  very  Iwrd? 

Fn,  Undoubtedly:  for  if  they  wore  not  so,  you  can  easily 
conceive  that,  since  there  are  vacuities  between  them,  as  wo 
have  shown,  and  as  are  represented  in  fig.  1,  they  must  by 
\nj  great  pressure  be  brought  closer  together,  and  would 
evidently  occupy  a  less  space,  which  is  contrary  to  fact, 

Ck.  Thou  I  suppose  water  may  be  said  to  be  incomprea- 
Bible? 

Fa.  Water,  oil,  spirits,  ke.,  are  said  to  be  incompressible, 
not  beeanse  tliey  are  absolutely  so,  but  because  their  com- 
pressibility is  so  very  small  ns  to  make  no  sensible  difference 
ia  calculations  rdatire  to  the  several  properties  of  those  fluids. 
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Mr.  Canton  discovered  the  cotnpreMil>ility  of  water  in  the 
jear  1761;  and  he  ^ays  thot,  from  repeated  trials,  be  found 
tbat  water  will  expand  and  rise  in  a  tube  by  removing  the 
weight  of  the  atmospliere  about  one  part  in  31,740,  and  will 
be  as  much  compres^d  under  the  weight  of  an  additional  at- 
mosphere.* 

These  principles  of  compressibility  and   ineompreasibility 

"e  pven  rise  to  a  division  of  fluids  into  two  kiuda — viz., 

io  and  non-elastic.     The  mechanical  properties  of  elastic 

I,  such  as  air  and  tlie  difiereiit  gases,  constitute  the  scicnue 

'§  Ptteumatics,  which  I  hope  by  and  bye  fully  to  explain  to 

a:  on  the  other  hand,  the  non-elaatic  fluids,  such  as  water, 

irit,  &c„  constitute  our  present  subjects  of  Hydrnstatuii  and 

Ch.  But  you  have  just  said.  Papa,  that  they  were  compi-es- 
some  very  small  degree:  how  therefore  can  they  be 


Fa.  You  must  bear  in  mind  that  the  terms  elastic  and  non- 
dostic  are  employed  not  in  the  absolute  sense,  hut  in  a  rcla- 
'"  sense;  for  water,  spirits  and  all  other  fluids  of  that  class 
certfun  extent,  compreaeible  and  elasticj  but  they 
Compressinn  with  so  very  great  a  force,  that  the  con- 
ns obtained  on  the  aupposrition  of  their  being  entirely 
ineompressible  are  free  from  any  sensible  error,  except  when 
die  pr^sure  is  extraordinarily  great;  whence  has  arisen  the 
tmafAi  division  of  fluids  into  elastic  and  non-ekslic. 

Tou  have  hod  now  a  general  statement  of  what  is  meant  by 

lids.     Do  you  understand  the  explanation? 

Ch.  Tes:  bot  I  have  imagined  tlia'  to  constitute  a  perfect 

philosophical  ^a\A,  if  I  may  so  term  it,  which  does  not 
nature,  it  is  necessary  that  the  parts  be  not  held. 
together  by  mutual  attractions,  nor  obsU-uct<!d  in  their  motions 
by  friction  or  attraction. 

Fa.  Nevertheless,  do  yon  not  admit  it  to  be  u  6uid? 

Ch.  That  it  is  fluid  in  a  ccitiiin  degrpc,  there  can  be  no 
4oubti  but  if  fluiils  consbt  of  small  particles,  how  is  it  known 
ttiat  those  purtirles  are  spherical? 

Fa,  On  that  snbjoct  there  are  many  opinions;  but  I  con- 
■Oeive  it  to  be  of  little  consequence,  as  the  original  cause  of 
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floiditj  does  not  appear  to  consist  in  the  figure  of  the  particles, 
but  in  their  want  of  cohesion.  Howe,ver,  as  this  belongs  more 
to  Chemistry,  we  will,  if  you  please,  cease  to  consider  it  at 
present.  Newton's  definition  of  a  fluid,  ^*  that  it  is  a  body, 
the  smallest  portion  of  which  is  put  into  motion  by  the 
slightest  force,"  is  nothing  more  than  an  expression  of  the 
physical  fact.  Grains  of  sand  are  more  easily  moved  than  the 
parts  of  many  viscous  fluids;  yet  sand  is  not  a  fluid.  Fluidity  is 
the  intermediate  condition  between  the  solid  and  the  aeriform, 
and  depends  principally  on  the  quantity  of  space  in  which  the 
atoms  of  the  body  are  involved.  A  fluid  is  elementary  matter 
intermixed  with  such  a  proportion  of  space  as  leaves  a  pressure 
internally  a  fraction  less  than  externally.  As  with  solids, 
external  pressure  is  much  the  greater,  and  with  gases,  the 
internal  is  equal  to  the  external  pressure,  so,  in  fluids,  ex- 
ternal over  internal  pressure  is  of  that  slight  degree  which 
permits  mobility  of  the  elementary  atoms,  in  consequence  also 
of  the  medium  between  them  preventing  their  remaining  in 
immediate  contact. 


QUESTIONS  FOB  EXAHIKATION. 


From  what  is  the  word  J^fdrottatict 
derived? — Ab  a  branch  of  adence,  of 
what  does  it  treat  ? —  Into  what  parts 
is  it  divided  ? — To  what  does  the  sdenoe 
of  hydraalics  relate  ?  —  How  is  a  fluid 
defined  ?  —  How  do  you  distinguish  be- 
tween fluids  and  liquids  ?  —  Upon  what 
does  the  perfection  of  a  fluid  depend  ? 
—  Of  what  kind  of  particles  are  fluids 
aupposed  to  be  formed? — What  are 
the  reasons  assigned  why  the  particles 


of  fluids  should  be  spherical  ?  —  Can 
anything  be  added  to  a  fluid  without  in- 
creasing its  bulk? — Give  an  instance 
in  point:  how  do  you  account  for  ihia? 
—  Are  fluids  compressible  ?  —  Who 
made  the  experiment  with  water,  and 
what  was  the  result  ?  —  Have  any  later 
experiments  proved  that  fluids  are 
capable  of  compression  ? — What  reason 
is  advanced  to  prove  that  the  particles 
of  water  are  hard  ? 


CONVERSATION   II. 


OF   THE    WEIGHT   AND    PRESSURE    OF    FLUIDS. 

Father,  In  our  last  conversation,  my  dear  children,  we 
considered  the  nature  of  the  component  parts  of  fluids.  I 
must  now  tell  you  that  these  parts  or  particles  act,  with 
irespect  to  their  weight  or  pressure,  independently  of  each 
otber. 

Um.  Will  you  explain  what  you  mean  by  this? 
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U  recollect  that,  by  the  attraction  of  cohesion,*  thn 

A  of  all  eplid  subHlnnces  are  kept  together,  and  press  into 

DUDon  mRs.i.     If  I  cut  otT  &  part  of  tliis  'wooden  ruler, 

it  will  remain  in  precisely  the  same  situation  ns  before; 

nt  if  I  take  some  water  out  of  the  middle  of  a  vcsael,  the  re- 

ninder  flows   instantly  into  tlie  place  from  whence  that 

Ijportion  wiis  taken,  so  as  to  bring  the  surface  of  the  whole 

lusa  to  n  level. 

Ch.  Hhvc  the  particlea  of  water  no  attractive  influence 

h  other? 

Fa.  Tea,  in  a  slight  degree.     The  globules  of  dewf  on 

ihbi^e  plants  prove  that  the  particlea  of  water  have  greater 

ttraction  towai-ds  each  other  than  they  have  to  the  leaf  on 

frhich  they  stand.     NcvertlielesB,  this  attraction  is  very  small; 

[«]d  you  can  easily  conceive  that,  if  the  particles  are  round, 

fliey  will  touch  each  other  in  very  few  parts,  and  slide  with 

tlie  smallest  pressure.     If  a  few  of  the  little  globules  were 

taken  out  of  a  vessel,  such  us  that  represented  by  lig.  1,  it  ia 

evident  that  the  surrounding  ones  would  fall  into  their  place 

if  the  fluids  are  of  equal  density,  for  a  light  fluid  will  float  on 

the  surface  of  a  heavier  one,  ns  oil,  ov  spirit,  on  water;  and 

a^,  likewise,  will  rise  to  the  surface  of  any  fluid,  fi-om  being 

I  forced  up  by  the  greater  gravity  of  the  stirrounding  fluii 

L.trpon  the  principle  above  alluded  lo.'thesurface  of  every  fluid. 

When  at  test,  is  horizontal  or  level. 

Ch.  Ia  it  upon  the  same  principle  that  water-levels  arg 
mst  meted? 

Fa.  It  is.  The  most  simple  kind  of  water-level  ia  a  long 
Firooden  trough,  which  being  flUed  to  a  certain  height  with 
r,  its  surface  shows  the  level  of  the  place  on  which  it 
I.JKands. 

Ch.  I  did  not  allude  to  this  kind  of  level,  but  to  those 

T  instruments  constructed  of  glass  tubes. 

Fa    Tliese  are,  more  properly  speaking,  air-      "    " 

levels.     They  are  thus  constructed:  D  is  a  glass  f^    "-^^'i 

tabe  fixed  into  l,  a  socket  nrnde  geneivlly  of  ** 

brass.     The  glass  is  filled  with  water,  or  some       ^'^-  '* 

.  Mher  fluid,   in   which  is  enclosed  a  single  bubble  of  air. 

L'WbeD  this  bubble  Axes  itself  at  the  mark  a,  made  exactly  in 

ConrcTsiHon  Itl.  p,  IS, 
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the  middle  of  tlie  tube,  the  place  on  which  the  instrument 
stands  is  perfectly  level.  When  it  ih  not  level,  the  babble 
will  quit  the  cen^*al  mark  and  rise  to  the  higher  end. 

Ch,  What  is  a  spirit-level,  Papa? 

Fa,  A  spirit-level  is  similar  to  a  water-level,  but  has  the 
tube  filled  with  spirit  of  wine  by  reason  of  its  greater  mobility, 
and  freedom  from  congelation  by  freezing. 

Em,  What  is  the  use  of  these  levels? 

Fa.  They  are  fixed  to  a  variety  of  philosophical  instru- 
ments, such  as  quadrants  and  telescopes  for  surveying  the 
heavens,  and  theodolites  for  taking  the  level  of  any  part  of 
the  earth:  their  accuracy  depends  considerably  on  the  regu- 
larity of  the  internal  surfaces  of  the  tube,  which,  if  made  of 
glass,  are  sometimes  ground  to  give  them  a  regular  cylindrical 
or  spindle  form,  with  a  slight  spherical  curvature;  for  greater 
exactness,  the  tube  and  bubble  should  be  of  considerable 
length;  and  the  larger  the  bubble  the  more  freely  it  moves, 
and  in  consequence  is  far  more  susceptible  of  the  least  incli- 
nation; in  fact,  they  can  be  made  to  indicate  a  deviation  from 
the  true  horizontal  line  as  small  as  that  of  a  single  second  of 
angular  measure.  They  are  also  useful  in  the  more  common 
occurrences  of  life.  A  single  instance  will  show  their  value. 
Clocks  will  not  keep  true  time  unless  they  stand  very  up- 
right: now,  by  means  of  one  of  these  levels,  you  may  easily 
ascertain  whether  the  bracket  upon  which  the  clock  in  the 
jpassage  stands  is  level. 

Em,  I  remember,  however,  that  when  Mr.  Timely  brought 
home  your  clock,  he  tried  if  the  bracket  was  even  by  means 
of  one  of  Charles's  marbles.     How  could  he  know  by  that? 

Fa,  The  marble,  being  round,  touched  the  board  in  a  point 
only;  consequently  the  line  of  direction*  could  not  fall 
through  that  point;  but  the  marble  would  roll  if  the  bracket 
were  not  level:  therefore,  when  the  marble  was  placed  in  two 
or  more  diff*erent  parts  of  the  board,  and  did  not  move  to  one 
Bide  or  the  other,  he  might  safely  conclude  that  it  was  level. 

Ch,  Then  the  water-level  and  the  rolling  of  the  marble 
depend  on  the  same  principle. 

Fa,  Yes;  upon  the  supposition  that  the  particles  of  water 
are  round.  The  water,  or  spirit  level,  will,  however,  be  more 
accurate,  because  we  may  imagine  that  the  parts  of  which  a 

•  S«eMeolianic8.    OoDyerMtion  IX.  p.  U. 
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Ihrid  is  (wmpOTed  are  perfectly  round,  and  therefore,  sb  may 
be  geometiitaliy  proved,  they  will  iimeli  only  in  an  infinitely  i 
BBi^  point:  whereae  marbtes,  made  by  human  contrivanwi  ' 
touch  in  many  such  points.  From  theiie  obeMvations  you 
must  have  remarked  that  aolid  bodieg  j^iiviiate  in  masBea,  the  1 
powerful  cohesion  of  tlieir  particles  muking  thejn  operate  alto-  ' 
getber,  whereai  every  purtiele  <>f  a  fluid  may  be  considered  as  i 
It  separate  mass  gravitating  independently  of  its  fellow;  I 
wherefore  the  reeistnnte  presented  by  a  fluid  is  considerably  ] 
lesB  than  that  oflered  by  a  ^lid. 

We  now  come  to  anollier  very  curious  principle  in  this 
bronchof  science, derived  from  the  above  properties — tiz-itAal- 
Jluidt  preu  tijuallif  in  all  directions.  Alt  bodies,  both  fluid, 
and  solid,  press  downwards,  you  are  aware,  by  tiie  force  of  ^ 
gravitation;  but  fluids  of  all  kinds  exert  likewiite  not  onhr 
s  pressure  upwards,  but  also  a  pressure  sideways,  wbicu 
equals  the  pressure  downwarils;  in  consequence  of  ttusequaMt 
pressure,  every  particle  in  the  fluid  remains  at  rett. 

Eat.  Con  you  show  us,  Papa,  any  experiments  in  proof  of 
this? 

Fa.  Tes:  a,lr,c,  is  a  bent  gin ss  tube. 
With  a  small  glass  futinel  potir  into  the 
mouth  at  rt  a  quantity  of  sand.  You  will 
find  tbat,  whMi  the  lower  part  is  filled, 
whatever  is  poured  in  afterwanla,  will  — *^iy. 
eland  in  the  side  of  the  tube  a  li,  and  not      fii  r  fii  4 

rise  in  the  other  side,  l/c. 

Ch.  The  reasiRi  of  this  is,  that  by  the  attraction  nf  gravity* 
tjon  all  l)odies  hare  a  tendency  to  the  earth  i*  that  is,  in  this 
ease,  to  the  lowest  part  of  the  tube:  but  if  the  sand  a«c«nde4 
in  the  side  ft  c,  its  motion  would  be  directly  tlie  reverse  of  thi» 
principle. 

Fa.  You  mean  to  say  that  the  pressitre  would  Ije  upnardi, 
nrfrom  the  centre  of  the  earth. 

Ch.  It  certainly  wonld. 

Fa.  Well,  we  will  pour  away  the  sand,  imd  put  water  in  iti 
fda«e.     Wluit  do  you  aay  to  this? 

Em.  The  water  is  level  in  both  sides  of  the  lulie. 

Pa.  This,  therefore,  proves  that,  with  respect  to  fiuida^ 
there  is  a  pressure  upwards,  at  the  point  b,  as  well  as  dowiH 
Cco*(tutlaD  V.  p.  11. 
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warda.  So,  if  you  pour  waler  into  a  tea-pot,  or  coffee-] 
the  water  rises  in  tiie  spout  to  the  same  level  with  that  " 
pot,  because  the  particles  cantinuiDg  to  descend  upou  those 
at  the  bottom  of  the  pot,  the  latter  yield  to  tlieir  pressure,  and 
as  they  cannot  descend  lower,  they  make  way  in  an  upward 
direction  up  the  spouL     I  will  show  you  another  expcriinent. 

A  B  is  a  large  tube  or  jar,  having  a  flat  bottom:  'n 
a  &  is  a  smaller  tube  open  at  both  ends.  While  I  till  ^QQ 
the  jar  with  water,  I  take  care  to  hold  the  small  tube  nn 
eo  close  to  the  bottom  of  the  jar  as  to  prevent  any  11 
water  from  getting  into  the  tube.  I  then  raise  it  a  |^b 
little,  and  yoa  see  it' is  instantly  filled  with  water  Tig.i, 
from  the  jar. 

C/i.  It  is:  and  the  water  in  the  jar  and  tltc  tube  take  the 
sanii!  level. 

Fa.  The  latter,  you  saw,  was  filled  by  means  of  the  prea- 
tiure  upwards,  contrary  tu  its  natural  gravity. 

Take  out  the  tube.  Now,  the  water  having  escaped,  the 
tube  is  filled  witb  air.  Stop  the  upper  end,  a,  with  a  cork, 
and  plunge  it  into  the  jai",  the  water  will  only  rise  as  high 
as  b. 

Em.  What  is  the  reason  of  this.  Papa? 

Fa.  The  air  ivith  which  the  tube  was  filled  is  a  body,  and, 
unless  the  water  were  first  to  force  it  out  of  the  tube,  it  con- 
not  take  its  place.  While  this  ink-stand  remains  here,  jon 
are  not  able  to  put  any  other  body  in  the  some  port  of  space. 

Ch.  If  air  be  a  substance,  and  the  tube  ^^  filled  with  it* 
how  can  any  water  moke  its  way  into  the  tube? 

Fa.  That  is  a  very  proper  question.  Air,  though  a  snb- 
Btance,  and,  oa  we  have  already  observed,  a  fluid  too,  difTera 
trom  wnter  in  this  respect,  that  it  is  easily  coiDpressible;  thai 
is,  the  ail',  which  by  the  natural  pi-essure  of  the  ^uiTounding 
atmosphere,  fills  the  tube,  may,  by  the  additional  upward 
pressure  of  the  water,  be  reduced  into  u  smaller  space,  as  a  t. 
Another  experiment  will  illustmfe  tlie  difl'erence  between 
compressible  and  incompressible  fiuids. 

Fill  the  tube,  which  has  still  a  cork  in  one  end,  with  some 
coloured  spii-it  of  wine:  over  the  other  end  place  a  piece  of 
pasteboard,  held  close  to  tlie  tube,  to  prevent  any  of  the  liquor 
fivm  escaping:  in  this  way  introduce  the  tube  into  a  ve<HeI  of 
water,  keeping  it  perpendioular  all  the  time.     You  may  now 


like  away  the  pasteboard,  and  force  the  tube  to  any  depthj 
but  the  spirit  is  not  like  the  air;  it  cannot  in  thiH  manner  be 
jeduced  into  a  apaee  smaller  tlian  it  originaUj  occupied. 

Em.  Why  did  not  the  spirit  of  wine  run  out  of  the  tube 

the  water? 
Fa.  Because  spirit  ialighterthan  water;  and  it  is  a  general 

iciple  that  the  lighter  fiuid  always  rise^  to  the  top. 
Take  a  tbin  piece  of  horn  or  pasteboard,  and,  while  you 
bold  it  by  the  edges,  let  your  brother  put  a,  pound  weight 
upon  it     What  is  the  result? 

Em.  It  is  almost  bent,  so  that  I  can  scarcely  hold  it. 
/"<i.  Introduce  it  now  into  a  vessel  iif  water,  at  the  depth 
F  twelve  or  fifteen  inches,  and  bring  it  parallel  with  the 
irface.     In  this  position  it  sustains  many  pounds  weight  of 

■   Ck.  Nevertheless,  it  is  not  bent  in  the  least. 
Fa,  Because  the  upward  pressure  against  the  tower  surface 
f  the  horn  is  exactly  equal  to  the  pressure  downward;  or, 
Ivhich  is  the  same  thing,  it  is  equal  to  the  weight  of  the 
'  rater  which  it  sustains  on  the  upper  surface. 

You  may  vary  these  experiments  by  yourselves  till  we  meet 
,i  tvhea  I  hope  to  resume  the  subject. 

QUBSTIONS  F 
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diarlei.  When  you  were  explnining  tlie  principle  of  the 

"Tieel  and  Axle,"  you  were  Idnil  enough  to  show  me  how  it 

s  that  the  dilBculty  of  drawing  up  a  bucket  full  of  water  so 

il  when  it  was  nearly  at  the  top  of  the  well.     I 

■  Em  ii«buiki.    CoavFTBDUon  xyn,  p,  St. 
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luTe  just  now.  found  another  thing  in  connexion  with  that 
subject  beyond  mj  comprehension.  When  the  bucket  is  filled 
with  water,  it  sinks  to  the  bottom  of  the  well,  or  as  far  as  the 
rope  will  suffer  it;  but,  in  drawing  it  up  through  the  water, 
it  seems  to  have  little  or  no  weight  till  it  comes  to  the  surface 
of  the  water.     How  is  this  accounted  for  ? 

Fa,  I  do  not  wonder  that  jou  have  noticed  that  circum- 
stance as  singular.  It  was  long  belieyed  bj  the  ancients,  that 
water  did  not  gravitate,  or  had  no  weight,  in  water;  or,  as 
thej  used  to  express  it  more  generally,  that  fluids  '^  do  not 
gravitate  in  praprio  loco.'' 

Em,  I  do  not  understand  the  meaning  of  those  words. 

Fa.  I  will  explain  their  meaning  without  translating  them, 
^because  a  mere  literal  translation  would  give  you  a  very  in- 
adequate idea  of  what  the  words  are  intended  to  express. 

No  one  ever  doubted  that  water  and  other  fluids  had  weight 
when  considered  by  themselves;  but  it  was  supposed  that  they 
had  no  weight  when  immersed  in  a  fluid  of  the  same  kind. 
The  fact  which  your  brother  has  just  mentioned,  respecting 
the  bucket,  was  that  upon  which  this  doctrine  was  advanced 
and  maintained. 

Em.  Does  it  not  weigh  anything,  then,  till  it  \&  drawn 
above  the  surface? 

Fa,  You  must,  my  dear  girl,  have  patience,  and  you  shall 
see  how  it  is.  Here  is  a  glass  bottle,  a, 
with  a  stop- cock,  b,  cemented  to  it;  by 
meatis  of  which  the  air  may  be  exhausted 
from  the  bottle,  and  prevented  from  return- 
ing into  it  again.  The  whole  is  made  suffi- 
ciently heavy  to  sink  in  the  vessel  of  water, 

CD. 

The  bottle  must  be  weighed  in  air;  tliat  is,  in  the  common 
method;  and  supposing  it  to  weigh  12  ounces,  let  it  be  put 
into  the  situation  represented  by  the  figure,  and  then  the 
weight  of  the  bottle  must  be  again  taken,  by  putting  weights 
into  the  scale  z.  I  now  open  the  stop-cock,  while  it  is  under 
water,  and  the  water  immediately  rushes  in  and  fills  the 
bottle,  which  overpowers  the  weights  in  the  scale:  then  I  put 
other  weights,  say  8  ounces,  into  the  scale,  to  restore  the 
^uilibrium  between  the  bottle  and  scale.  It  is  evident^ 
therefore,  that  8  ounces  is  the  weight  of  the  water  in  the 


Fig.  6. 
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liottle  while  weighpii  under  water.     Now,  fustcn  the  cock, 
od  weigli  tbe  bottle  in  the  usual  way  in  the  air. 

CA.  It  weighs  something  more  than  20  ounces. 

Fa.  That  is,  12  ounces  for  the  bottle,  anil  8  ounces  for  the 
Water,  besides  a  small  aUownnce  tJi  be  made  for  the  drops  of 
Vaterthat  adhere  to  tlie  outside  of  the  bottle.  Does  not  this 
experiment  prove  that  the  water  in  the  bottle  weighed  just 
■B  much  in  the  jar  of  wnter  as  it  weighed  in  the  air? 

£m.  I  think  it  does. 

Fa.  Then  we  are  justified  in  concluding  that  the  water 
in  the  bueket,  which  the  bottle  may  represent,  weighed  as 
much,  while  under  water  in  the  wdl,  ns  it  did  after  it  was 
raised  above  the  surface. 

CA.  This  fact  seems  decisive;  but  the  difficulty  still  re- 
mains in  my  mind ;  for  the  weight  of  the  bucket  is  not  felt  till 

is  rising  above  the  surface  of  the  water. 

Fa.  It  may  be  thus  accounted  for.     Any  substance  of  the 

Banie  specific  gravity  with  water  may  be  plunged  into  it,  and 

ft  will  remain,  wherever  it  is  placed,  either  near  the  bottom, 

"  1  the  middle,  or  towards  the  top;  consequently  it  may  he 

loved  in  any  directiun  by  the  application  of  a  very  small  force. 

Em.  What  do  you  mean  by  the  apeclfie gravity  of  a  body? 

Fa.  The  irpeq/fcyrowyy  of  anybody  iaits  weight  compared 
with  that  of  any  other  body.  Hence  it  is  also  called  the  com- 
jDaroA'iw  gravity:  to  say  that  lead,  or  iron,  or  stone,  is  heavy, 
and  that  leathers,  or  wool,  Htc,  is  light,  we  only  speak  compa- 
Utively,  and  with  respect  to  substancss  generally.  Wood  is 
light  when  compared  to  stone,  but  heavy  when  compared  to 
«ork,  or  wool:  so  earth  ia  heavy  when  compared  to  wood, 
but  tight  when  compared  to  metal,  as  lead  or  iron;  whence 
Dur  ideas  of  weight  are  very  undefined,  and  some  standard  is 
therefore  necessary  to  which  the  weight  oi'  oiher  substances 
nay  be  referred:  the  standard  fixed  upon  has  been  water. 
Thus,  if  a  cubic  inch  of  water  be  equal  in  weight  to  a 
Cubic  inch  of  any  particular  kind  of  wood,  the  specific  or 
ftunparatire  gravities  of  the  water  and  that  wood  are  equal. 
~  since  a  cubic  inch  of  deal  is  lighter  than  a  cubic  inch  of 
r,  and  the  latter  is  lighter  than  the  same  bulk  of  lead,  or 
1)ras8,  we  say  the  specific  gravity  of  the  lead,  or  brass,  is 
fpreater  than  that  of  water,  and  the  specific  gravity  of  water 
J6  greater  than  that  of  deal. 
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Ch.  The  water  in  the  buoket  must  therefore  be  of  the  same 
specific  gravity  with  that  in  the  well,  because  it  is  a  part  of  it. 

Fa,  And  the  wooden  bucket  differs  very  little  in  this 
respect  from  the  water;  because,  though  the  wood  is  lighter, 
yet  the  iron  of  which  the  hoops  and  handle  are  composed  is 
specifically  heavier  than  water;  so  that*  the  bucket  and  water 
are  nearly  of  the  same  specific  gravity  with  the  water  in  the 
well,  and  therefore  it  is  moved  very  easily  through  it. 

Again,  we  have  already  proved  that  the  upward  pressure 
of  fluids  is  equal  to  the  pressure  dowh wards;  therefore  the 
pressure  at  the  bottom  of  the  bucket,  upwards,  being  pre- 
cisely equal  to  the  same  force  in  a  contrary  direction,  the 
application  of  a  very  small  force,  in  addition  to  the  upward 
pressure,  will  cause  the  bucket  to  ascend. 

Em.  You  account  for  the  easy  ascent  of  the  bucket  upon 
the  same  principle  by  which  you  have  shown  that  horn  or 
pasteboard  will  not  be  bent,  when  placed  horizontally  at  any 
depth.in  water? 

Fa,  Yes;  and  I  will  show  you  some  other  experiments,  to 
prove  the  effect  of  the  upward  pressure. 

Take  a  glass  tube,  open  at  both  ends,  the  diameter  of  which 
is  about  the  eighth  of  an  inch;  fill  it  with  water,  and  close  the 
top  with  your  thumb:  you  may  now  take  it  out  of  the  water; 
but  it  will  not  empty  itself  whilst  the  top  is  kept  closed. 

CK  This  is  not  the  upward  pressure  of  water;  because  the 
tube  was  taken  out  of  it. 

Fa,  You  are  right:  it  is  the  upward  pressure  of  the  air, 
which,  while  the  thumb  is  kept  on  the  top,  is  not  counter- 
balanced by  any  downward  pressure;  tlierefore  it  keeps  the 
water  suspended  in  the  tube. 

Take  this  ale-glass;  fill  it  with  water,  and  cover  it  with 
a  piece  of  writing-paper;  then  place  your  hand  evenly  over 
the  paper,  so  as  to  hold  it  very  tight  about  the  edge  of  the 
glass,  which  you  may  now  invert,  and  take  away  your  hand 
without  any  danger  of  the  water  falling  out 

Em,  Is  the  water  sustained  by  the  upward  pressure  of 
the  air? 

Fa,  The  upward  pressure  of  the  air  against  the  paper 
sustains  the  weight  of  water,  and  prevents  it  from  falling. 

You  have  seen  the  instrument  used  for  tasting  beer  or 
wine? 
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f  ffl.  Yes;  it  is  a  tin  tube,  liolding  about  half  n  pint;  into 
liich  very  uoall  tubes  are  inserted  at  the  top  and  bottom. 
Fa.  The  longest  of  these  tubes  is  put  into  tlie  hole  made 
the  Teut-peg,  and  then  the  beer  or  wine,  by  drawing  oilt 
air  from  it,  is  forced  into  the  large  part  of  the  tube,  and, 
6y  putting  the  thumb  or  finger  on  the  upper  part,  the  whole 
Hisbxtment  may  be  taken  out  of  the  cask,  and  removed  any- 
where; for  the  pressui-e  of  the  air  agaiast  the  bottom  surface 
of  the  lower  tube  keeps  the  liquor  from  mnning  out;  but, 
the  moment  the  tliumb  is  taken  fi-om  the  t^jp,  the  liquor  de- 
•ceods  by  the  downward  pressure  of  the  air. 

CA.  Is  it  for  a  similar  reason  that  vent-holes  are  made  in 
iks? 

Fa.  It  ia:  for  when  a  cask  is  full,  and  perfectly  closed, 
there  is  no  downward  pressure,  and  therefore  the  air,  pressing 
tgainst  the  mouth  of  the  cock,  keeps  the  liquor  from  running 
A  hole  made  at  the  top  of  the  coslc  admits  the  external 
(ure  of  the  air,  by  which  the  liquor  is  forced  out.  In. 
lu^e  casks  of  ale  or  porter,  where  the  demand  ia  not  very 
great,  the  vent-hole  need  seldom  be  used;  for  a  certain  por- 
tion of  the  air  contained  in  the  liquor  escapes,  and,  being 
lighter  than  the  beer,  ascends  to  the  top,  by  whit^h  a  pressure 
"i  created  without  the  assistance  of  the  external  air.  The 
whole  pressure  austaineJ  by  any  definitive  portion  of  the 
bottom  or  sides  of  a  veseel  depends  only  on  the  column  o( 
iquid  standing  on  that  portion  ns  its  base,  togetlier  with  the 
idtitude;  the  pressure  therefore  on  the  bottom  of  a  vessel 
depends  on  the  magnitude  of  the  bottom  and  depth  of  the 
juid,  and  ia  not  at  all  affected  by  the  form  of  the  sides  and 
rf  the  quantity  of  hquid  in  the  vessel;  hut  this  will  be  treated 
W  more  in  our  eonversation  on  the  Hydrostatic  Paradox. 
-  CA.  Do  not  these  principles  have  some  influence,  Papn,  on 
be  construction  of  boats  and  ships? 
Fa.  Yea:  particularly  in  the  matter  of  stowage:  for  & 
jubstance  placed  on  a  fluid  specifically  heavier  than  itself  will 
,^nk  so  fur  that  the  weight  of  the  fluid  displaced  is  equal  to 
the  whole  weight  of  the  body:  it  !s  upon  this  principle  that 
the  tonnage  of  barges  on  our  cnnals  is  ascertained,  and  the 
"tuU  calculated. 
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QUESTIONS  FOB  EXAJdNATION. 


'  Whf,  In  dimwteg  op  atradnt  from  a 
deep  well,  doei  it  appear  to  haye  little 
or  no  weight  while  it  aioends  through 
tbt  water  f— On  this  tahlect  explain  the 
•iqperiment  illiutrated  bf  flg.  6.— How 
ia  the  fkct  aoooonted  for? — Whatia 
meant  by  the  tpeeHLe  gravity  of  a  body  ? 
—  It  the  preesnre  of  the  water  npward 
agalntt  the  bottom  of  the  bucket  Mjnal 
to  the  Mme  ibroe  in  the  contrary  di- 


rection?—Why  will  notthe  watarhi 
a  glan  tube  of  a  small  bore,  open  at 
both  ends,  ran  out,  provided  the  upper 
part  be  kept  dosed  ? —  Explain  the  ex- 
periment of  the  ale-glas8  filled  with 
water.  —  How  do  yon  account  Ibr  the 
(^>eration  of  the  instrament  for  taating 
wine  or  beo-? — Why  are  vent-holea 
madeincaaki? 


CONVERSATION    IV. 


OF  THE   LATERAL  FEBSSURE   OF   FLUIDS. 


Father.  It  \b  time  now  to  advance  another  step  in  this 
science,  and  to  show  you  thiCt  the  lateral^  or  side  pressure,  is 
equal  to  the  perpendicular  or  vertical  pressure. 

JSm.  If  the  upward  pressure  is  equal  to  the  downward,  and 
the  side  pressure  is  also  equal  to  it,  then  the  pressure  is  equal 
in  all  directions. 

Fa,  Undouhtedly.  Though  the  side  direction  may  be 
varied  in  many  ways,  yet  there  are  only  the  upward,  down- 
ward, and  lateral  directions  of  pressure.  The  two  former  we 
have  shown,  are  equal.  That  the  side  pressure  is  equal  to 
the  vertical  pressure  is  demonstrable  by  a  very  easy  experi- 
ment. 

A  B  is  a  vessel  filled  with  water,  having  two  equal  ^^^3% 
orifices  or  holes,  a,  ^,  bored  with  the  same  tool,  one  at 
the  side,  and  the  other  in  the  bottom:  if  these  liolcs  are 
opened  at  the  same  instant,  and  the  water  sufiTcred  to 
run  into  two  glasses,  it  will  be  found  that,  at  the  end 
of  a  given  time,  they  will  have  discharged  equal  quan-  yj^  ^ 
tities  of  water;  which  is  a  clear  proof  that  the  water 
presses  sideways  as  forcibly  as  it  does  downwards;  and  it  is 
equally  dear  that  witliout  lateral  pressure,  water,  or  other 
fluids,  would  not  flow  from  any  opening  in  the  side  of  a 
vessel:  sand  will  not  flow  from  such  an  opening,  because  it 
possesses  no  lateral  pressure  among  its  particles,  or  at  least  so 
little  as  to  make  no  very  palpable  exhibition  of  it. 
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Ch,  Are  we  therefore  to  take  it  as  a  general  principle,  that 
Saids  press  in  every  possible  direction? 

Fa.  This,  I  think,  our  experiments  have  proved:  but  you 
must  not  forget  that  it  is  rinly  true  upon  tlie  suppoaitioQ  that 
:tie  perpendicular  lieit/htt  are  equal;  for,  in  the  laat  eiperi- 
meot,  if  the  hole  b  had  been  bored  an  inch  or  two  higher  in 
the  aide  of  the  vetiael,  Rs  nt  r,  the  quantity  of  water  running 
out  ftt  a  wonld  have  been  greater  than  that  at  c;  and  much 
greater  would  it  have  been  if  the  hole  had  been  bored  at  four 
"IT  five  inches  above  the  bottom  of  the  vessel. 

Tioi  Bubject  of  pressure  may  be  farther  illuatrated.     At 
flie  bottom  of  thie  tube,  n  j/,  open  at  both  ends,  I  have  ^ 
tied  ft  piece  of  bladder,  and  have  poured  it 
stands  at  the  mark  jr.     Owing  to  the  pressure  o 
water,  the  bladder  is  TOnvex;  that  is,  bent  outwards,   'i 
Pip  it  into  the  jar  (fig.  5)  the  bladder  is  still  convex:  v^ 
Atrust  it  gently  down,  the  surface  of  the  water  ii 
tube  is  now  even  with  that  in  the  jur. 

Etn.  It  is;  and  the  bladder  nt  the  bottom  is  become  flat. 

Fa.  The  perpendicular  depths  being  equal,  the  pressure 
vtpward  is  aqaal  to  that  downwards,  and  the  water  in  the 
tnbe  is  exactly  bahinced  by  the  water  in  the  jar.  Let  the  tube 
be  thrust  deeper  into  the  water. 

Ch.  Now  the  bladder  Is  bent  upwards. 

Fa.  The  upward  pressure  is  estimated  by  the  perpendi- 
iColar  depth  of  the  water  in  the  jar,  measured  from  the  sur- 
ftce  to  the  bottom  of  the  tube;  but  the  pressure  downwards 

£U3t  be  estimated  by  the  perpendicular  lieight  of  the  water 
the  tube,  which  being  less  than  the  former,  the  pressure 
upwards  in  the  same  proportion  overcomes  that  downwards, 
■nd  forces  up  the  bladder  into  the  position  as  you  see  it.  Tliis 
imd  the  following  experiment  demonstrule  the  upward  pre-S- 
mre  of  fluids. 

Dip'  an  o])en  end  of  a  tube,  having  a  very  narrow  bore,  into 
■  vessel  of  quicksilver;  then,  stopping  the  upper  orifice  wilb 
tiie  finger,  lift  np  the  tube  out  of  the  vessel,  and  you  will  see 
•  cdumn  of  quicksilver  hanging  at  the  lower  end,  which, 
when  dipped  in  water  lower  than  14  times  its  own  length, 
•will,  upon  removing  the  finger,  be  pressed  upwards  into  the 
tube. 

Em.  Why  do  you  fix  npon  14  times  the  depth? 
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Fa.  Because  quickaiiver  is  14  times  heavier  than  water. 
Upon  this  principle  of  the  upwoi-d  pressure,  lead,  or  any 
other  metal,  may  be  made  t*»  swim  in  water,     a  b 
i*  a  vessel  of  water,  and  a  A  is  a  glass  tube  open  ,^3? 
throughout;  d  is  a  string  by  which  a  flat  piece  of    WrA 
lead,  a:,  may  be  held  fust  to  the  bottom  of  the  tube.      | 
To  prevent  the  water  from  getting  in  between  the     ^UL 
lead  and  the  glass,  a.  piece  of  wet  leatlier  ia  first  put     «c*° 
over  the  lead.  *"'«■  '■ 

In  this  situation,  let  the  tube  be  immersed  in  the  Teasel  of 
water,  and  if  it  be  plunged  to  the  depth  of  about  eleven  times 
the  thickness  of  the  lead  before  the  string  be  let  go,  the  lead 
will  not  full  from  the  tube,  but  be  kept  adhering  to  it  by  the 
upward  pressurs  below  it. 

Em.  Is  lead  11  times  heavier  than  water? 
Fa.  It  is  between  11  and  12  times  heavier;  and  therefore, 
to  make  the  experiment  sure,  the  tube  should  be  plunged 
somewLit  deeper  than  1 1  times  the  thickness  of  the  lead. 

Ck.  Is  it  not  owing  to  the  wet  leather,  rather  than  to  the 
upward  pressure,  that  the  lead  adheres  to  the  tube? 

Fa,  If  that  be  the  case,  it  will  remain  fixed  if  drawn  up 
the  tube  an  inch  or  two  higher.     I  will  try  it. 
Em.  It  has  fallen  olf. 

Fa.  Because,  when  the  tuhe  was  raised,  the  upward  pres- 
sure was  diminished  so  much  as  to  become  too  small  to 
balance  the  weight  of  the  lead:  but  if  the  adhering  together 
of  the  lead  and  tube  had  been  caused  by  the  leather,  there 
would  be  no  reason  why  it  abould  not  operate  the  same  at  six 
or  nine  times  the  depth  of  the  lead's  thickness  as  well  as  at 
1 1  or  12  times  that  thickness. 

The  lateral  pressure,  you  must  now  perceive,  arises  from  the 
downward  pressure,  or  weight  of  the  superincumbent  liqmd ; 
so  that  the  lower  the  opening  is  made  in  the  side  of  a  vessel, 
the  greater  will  be  the  velocity  of  the  water  rushing  out,  nor 
is  it  nt  all  influenced  by  the  horisontal  dimensions  of  the 
Teasel  containing  the  hquid,  but  the  depth  onlyiforns  every 
particle  acts  independently  of  the  rest,  it  ia  only  the  column  of 
pai-ticlea  immediately  above  the  opening  that  weigh  down  and 
press  out  the  liquid.  What  now  have  you  understood  as  to 
the  gravity  of  fluids  in  these  Conversations  ? 

Ch.  I  understand  that  they  aU  gravitate  upon  a  bottom  of 
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^Hndrical  vessel  in  which  they  are  contained,  in  the  same 
manner  as  sotida  gravitatp;  that  is,  in  proportion  to  the  quan- 
tity of  matter.  I  have  learned  also  that  in  every  part  of  the 
Juid  there  is  a.  pressure,  equal  to  graviiation,  in  all  directions: 
wherefore,  since  every  part  of  the  fluid  is  acted  upon  in  all 
manner  of  direction;)  by  an  equal  forire,  every  part  of  a  etng- 
n&ting  6uid  is  at  rest,  and  will  so  continue  until  disturbed  by 
some  estemal  force. 

QUE3TI0K3  FOE  EXAMINATION. 

on  much   hcmier    l9  quickillver 


le  lat«rml  or  aide  pr««ure 
exbibltcdbyBfi. 


■□Ida  eqiul 
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pRanre  oT  Balitt  ahuultl  be  equal  In  all 

dlrHtloas?  —  Lonlt  lo  fle  *-  ""i  "^Ui 
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nhs.  Iluttnd  of  belug  scted  upo 
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CONVERSATION  V. 


;   IITDHOSTATIC    pakadox. 


Emma.  You  are,  my  dear  father,  to  explain  a  paradox 
to-dny.      I  thought  natui-al   philosophy   had    excluded  idl 

Fa.  Dr.  Johnson  has  given  the  definition  of  a  paradox  a» 
"an  assertion  contrary  to  appearances;"  the  term  is  derived 
from  a  Greek  word  compounded  of  para  (i-apo)  "  contrary 
lo,"  and  doxa  (bola)  "  an  opinion  or  expectation."  Now,  the 
assertion  to  which  I  am  to  refer  you  is,  "  that  ant/  iputntity  of 
maler,  htnrever  imali,  mat/  be  made  to  balance  and  support 
any  other  ijuantittf,  however  large."  That  a  pound  of  water,  for 
instance,  may,  without  any  mechanical  assistance,  he  made  to 
support  ten  pounds,  or  a  hundred,  or  even  a  ton  weight,  seems 
at  first  incredible:  certainly  it  ts  contrary  to'  what  one  would 
expect;  andon  that  account  the  experimenti  to  prove  this  iact, 
has  usually  been  called  the  Hydrostatic  paradox:  and  a  little 
close  examination  will  satisfy  us  of  its  truth. 

Ch.  It  does  appear  unaccountable.  I  hope  the  experiments 
may  be  very  easy  to  understand. 

Fa.  Many  have  been  introdnced  for  the  purpose;  but  I 
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know  of  none  better  than  those  described  by  Mr.  Ferguson, 
In  bis  Lectures  on  select  subjects. 
-  c  B  o  H  is  a  glass  vessel,  consisting  of  two  tubes  of  op 
very  di^Qsrent  sizes,  joined  together,  and  freely  com- 
municating with  each  other.     Let  water  be  poured 
in  at  H,' which  will  pass  through  tlie  joining  of  the 
tubes,  and  rise  in  the  wide  one  to  the  same  height  ^S^< 
exactly  as  it  stands  in  the  snmller;  which  shows    Fig.  lo. 
that  the  small  column  of  water  in  d  6  balances  the  large  one 
in  the  other  tube.     This  will  be  the  case  if  the  quantity  ot 
water  in  the  small  tube  be  a  thousand  or  a  million  of  times 
less  than  the  quantity  in  the  larger  one. 

If  the  smaller  tube  be  bent  into  any  oblique  position,  as 
OF,  the  water  will  stand  at  f;  that  is,  on  the  same  level  as  it 
stands  at  a.  This  would  be  the  case  if,  instead  of  two  tubes, 
iliere  were  any  number  of  them  connected  together  at  b,  and 
varied  in  all  kinds  of  oblique  directions;  the  water  would 
then  be  on  a  bvel  in  them  all;  that  is,  the  perpejidicular 
height  of  the  water  would  be  the  same. 

Ch,  This   elucidation   does   not  seem   quite   satisfactory; 
because  it  appears  that  a  great  part  of  the  water  in  the  large 
tube  is  supported  by  the  parts  b  about  the  bottom,  and  that 
therefore  the  water  in  the  smaller  tube  only  sustains  the 
pressure  of  a  column  of  water,  of  a  diameter  equal  to  its  own. 
Fa,  This  would  be  the  case  if  the  pressure  of  fluids  were 
downwards  only;  but  we  have  shown  that  it  acts  in  all  di- 
rections; and  therefore  the  pressure  of  the  parts  near  the  side 
of  the  tube  acts  against  the  column  in  the  middle,  which,  you 
suppose,  is  the  only  part  of  the  water  sustained  by  that  con- 
tained in  the  small  tube;  consequently,  the  smaller  quantity 
of  water  in  d  b  sustains  the  larger  one  in  a  b. 
Let  us  try  another  experiment. 
A  B  and  A  b  are  two  vessels,  having 
their  bottoms  d  d  and  d  d  exactly  equal; 
but  the  contents  of  one  vessel  is  20  times  , .: . 
greater  than  that  of  the  other;  that  is,  pv^ 
fig.  il,  when  filled  up  to  a,  will  hold  k|=s 
but  one  pint  of  water,  whereas  fig,  12,   ^»«-  "•         ^*«  *^- 
when  filled  to  the  same  height,  will  hold  20  pints.     Brass 
bottoms,   c  c,   are  fitted  exactly  to  each  vessel,  and  made 
watet*  tight  by  pieces  of  wet  leather.     Each  bottom  is  joined 


PA 


I 


I 


HYDBOSTATIC   PARADOX.  219 

'to  its  vessel  by  a  hinge  d,  so  that  it  opens  downwards,  like 
the  lid  of  n  hax.  By  meaoB  of  a  little  huok,  d,  a  pulley,  f, 
ighl,  E,  the  bottom  is  kept  close  to  the  vessel,  and 
will  hold  a  cerCaia  quantity  of  water. 

Em.  That  i?,  till  the  weight  of  the  water  overcomes  the 
weight  E. 

Fa.  I  ahoQld  rather  say,  till  tlie^reuureof  the  water  over* 
comes  the  weight  B. 

Now  hold  the  vessel  (fig.  12)  upright  in  your  bands,  while 
I  gradually  pour  water  into  it  through  a  funnel;  the  pressure 
bears  down  tbe  Ijottom,  and,  of  course,  raises  the  weight,  and 
a  small  quantity  of  the  water  escapes.  Mark  likewise  the 
height  H  A,  at  which  tlie  Burfuce  of  the  water  stood  in  the 
vessel  when  the  hottom  began  to  give  way. 

Try  the  other  vessel  (fl^.  11)  in  tike  same  manner,  and  we 
shall  see  tlint  when  the  water  riacs  to  A,  that  i^  to  Juet  the 
tame  height  in  this  vessel  as  in  the  former,  the  liottom  will 
also  give  way,  as  it  did  in  the  other  case.  Thus  equal  weights 
are  overcome  in  the  one  case  by  20  pints  of  water,  and  in  the 
other  by  a  single  pint.  The  same  would  hold  good  if  the 
difference  were  greater  or  less  in  any  given  proportion. 

EiH.  What  is  tbe  reason  of  this,  Papa? 

Fa.  It  depends  upon  two  principles,  with  which  you  are 
acquainted.  The  first  is,  that  fluids  press  equally  in  all 
directions:  and  the  second  is,  that  actinn  and  re-action  are 
equal  and  contrary  to  each  otlier.*  The  water,  therefurc, 
below  the  fixed  port  a  gfvi'xM  press  as  much  upwards  against 
the  inner  surface,  by  the  action  of  the  small  column  a  g,  as  it 
would  by  a  column  of  the  same  height,  and  of  any  other  dia- 
meter: and  since  action  and  re-action  are  equal  and  contrary, 
the  action  against  the  inner  surface  a  gf  will  cause  an  equal 
re-action  of  the  water  in  the  cavity  n/c  c  against  the  bottom 
seqiiently  the  pressure  upon  c,  fig.  II,  wiil  be  as 
great  as  it  was  upon  the  same  part  of  fig.  12. 

Ck.  Can  you  prove  by  experiment  that  there  is  tiiia 
upward  pressure  ogunst  the  inner  surface  a  j/? 

Fn,  Very  easily:  Suppose  at^thera  were  a  little  cork, 
with  a  smalt  string  attached  to  it;  I  might  place  a  tube  over 
the  cork  and  then  draw  it  out:  the  consequence  of  wlucb  would 
,be,  that  the  water  in  the  vessel  would  force  itself  into  the 
■  See  Ktchuln,  OnTtnMlca  xi.  [h  41. 
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tube,  and  stand  as  liigh  in  it  as  it  does  in  tiie  vessel.  Would 
not  this  esperiinent  prove  that  there  was  this  upward  pressure 
against  ay/* 

CA.  It  would:  and  I  cnn  easily  comprehend  that,  if  other 
tubos  were  placed  in  the  sntne  manner,  in  different  i>arts  of 
Bfff,  the  same  effect  would  be  produced. 

Fa.  Then  you  must  admit  that  the  action  against  Bfff,  or, 
which  is  the  same  thing,  the  re-action  against  c  c  (that  is,  tho 
pressure  of  the  water  agwuBt  the  bottom)  is  equally  as  great 
as  it  would  Iw  if  the  vessel  were  as  largo  in  every  part  as  it 
is  at  the  bottom,  and  the  water  stood  level  to  the  height  a  a. 

C4.  Yes,  I  do:  because  if  tubes  were  placed  in  every  part 
of  Bf,  the  Bftme  effect  would  be  produced  in  them  all,  as  in 
the  single  one  at/;  but  if  the  whole  surface  were  covered 
with  small  tubes,  there  would  then  be  little  or  no  diflerence 
between  the  /wo  vessels,  (figa.  11  and  12.) 

Fa.  There  would  be  no  difference,  provided  you  kept 
filling  the  large  tube,  so  that  the  water  should  stand  in  them 
ull  at  the  same  level,  a  a;  otherwise,  the  introduction  of  a 
single  tube,  aj]  would  mnkcamuierialdiOerence:  for,  although 
the  water  in  a  c  would  overcome  the  weight  e,  yet,  if  with 
my  hand  I  prevent  uny  of  the  water  from  running  out  till  I 
have  taken  out  the  cork,  and  suffered  the  water  to  force 
itself  out  of  the  vessel  into  the  small  tube,  1  may  remove  my 
hand  with  safety;  for  tho  water  will  not  overcome  the  weight 
now,  although  there  is  certainly  the  same  quantity  in  it  us 
there  was  before  the  little  tube  a/ was  inserted. 

Fm.  I  think  I  sec  the  reason  of  tJiis.  The  water  stood  ns 
high  as  A  a  before  the  little  tube  was  introduced;  but  now  it 
stands  at  the  level  xx;  and  you  teld  us  yesterday  that  the 
pressures  were  equal  only  when  the  perpendicular  heights 
were  also  eqtial. 

Fa.  I  am  glad  to  find  you  so  attentive  to  my  instructions.    - 
In  order  that  the  pressure  may  overcome  the  weight  e,  you 
must  put  in  more  water  till  it  rises  to  the  level  a  a;  and  now 
yoti  sec  the  weight  ascends,  and  the  wnler  flows  out. 

I  will  put  another  tube  at  g,  and  the  water  rushing  into 
that  causes  the  level  to  descend  again  to  xx;  and  more  water 
muBt  be  put  in  to  bring  the  level  up  to  a  a,  before  it  can 
rcome  the  weight  e.  ^Tiat  I  have  shown  in  these  two 
»  will  hold  true  in  all,  provided  you  fill  the  cover  with  tubes. 
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Ck.  I  see,  then,  that  it  is  tlie  difference  of  the  perpendicular 
lieights  which  causes  the  difference  of  pressure,  and  I  can  now 
fully  comprehend  the  reason  why  a  pint  of  water  may  be 
made  to  balance  or  support  a  liogsliead:  or,  in  aliort,  that  any 
*'  quantUt/  of  a  homogeneoui  Jluid,  liotcever  tmall,  mai/  bemade 
to  balance  and  xiipport  any  other  quantU}/  kovjever  large." 

Em.  What  is  meant  by  the  word  Aomogeneotts? 

Fa.  Homogeneous  fluids  arc  fluids  the  particles  of  which 
ore  of  the  wane  hind.  What  has  been  proved  with  regard  to 
water  may  be  shown  to  hold  with  regard  to  wine,  or  oil,  or 
any  other  fluid.  But  the  experiment  wiU  not  answer  if  dif- 
ferent fluids  ore  made  use  of,  as  water  and  oil  together.  The 
term  homogeneous  is  derived  from  two  Greek  words  homos 
{ofiot)  "  of  the  same,"  and  genos  (yivoc)  "  kind."  The  prin- 
ciple of  the  hydrostatic  paradox  is  well  illustrated  by  the 
HydroataUc  beUoios,  which  shnll  form  the  subject  of  our  next 
conversation;  but  before  we  close,  tell  me,  Enuiin,  what  is  your 
understanding  generally  of  the  liydrcstatic  paradox? 

Em.  That  it  depends  on  the  equal  pressure  of  parts  of 
fluids  everywhere  at  the  same  depth;  and  what  seems  to  be  a 
paradox  is,  that  any  quantity  of  fluid,  however  small,  may  be 
made  to  counterpoise  and  sustain  any  weight,  however  large. 

QDESTI0S8  FOK  EXAMINATION. 

Wlimt  do  700  mean  by  tbo  l.jdro-  I  fthject?    Sm  Bg.  11  and  11.  —  How  is 
■Utlo  p«nuloit?  —  Cnn   Jon   et|>la  11  I  tin;  upward preisnre  proved? 
Mr.    Ferguign'i    experiment  on    Ui>  f 


CONVERSATION  VI. 

OF  THE   HTDHO STATIC 

Father.  I  think  it  Una  been  made  sufliciently  clear  that  the 
pressure  of  fluids  of  the  same  kind  is  always  proportional  to 
the  area  of  the  base,  multiplied  into  the  perpendieular  height 
at  which  the  fluid  stands,  without  any  regard  to  the  form  of 
the  vessel,  or  the  quantity  of  fluid  contained  in  it. 

Em.  It  still  appears,  however,  very  mysterious  to  me, 
that  the  pint  of  water,  as  in  fig.  II,  should  tiave  an  equal 
pressure  with  the  20  pints  in  the  other  vessel.  You  do  not 
mean  to  say  that  the  one  pint  m-eiglia  as  much  as  the 
t^-enly? 
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Fa,  Your  objection  is  proper.  The  pressure  of  the  water 
upon  the  bottom  o  c  does  not  in  the  least  alter  the  weight  of 
the  vessel  and  water,  considered  as  one  mass;  for  the  action 
and  re-action,  which  cause  the  presfure,  destroy  one  another 
with  respect  to  the  weight  of  the  vessel,  which  is  as  much 
sustained  bv  the  action  upwards  as  it  is  pressed  downwards 
by  the  re-action. 

The  pressure  of  water  and  other  fluids  differs  from  the 
gravity  or  weight  in  this  respect:  the  weight  is  according  to 
the  quantity ;  but  the  pressure  is  according  to  the  perpen" 
dicuuir  height, 

Ch,  Suppose  both  vessels  were  filled  with  any  solid  sub- 
stance, would  the  effect  produced  be  very  different? 

Fa,  If  the  water  were  changed  into  ice,  for  instance,  the 
pressure  upcm  the  bottom  of  the  smaller  vessel  would  be  much 
less  than  that  upon  the  larger. 

Here  is  another  instrument  well  ad^ted  to 
show  to  you  that  a  very  few  ounces  of  water  ^ 
will  lift  up  and  sustain  a  large  weight. 

Em.  What  is  the  instrument  called? 

Fa,  It  is  made  like  common  bellows,  of  tw^o 
Hat  boards  united  together  by  leather  or  flexible 
cloth,  made  water-tight,  but  without  valves; 
and  writers  have  given  it  the  name  of  the 
'Hydrostatic  bellows.  This  small  tin  pipe,  to,  communicates 
with  the  inside  of  the  bellows.  At  present,  the  upper  and 
lower  board  are  kept  close  to  one  another  by  the  weight  w. 
The  insides  of  the  boards  are  not  very  smooth,  so  that  water 
may  insinuate  itself  between  them:  pour  this  half  pint  of 
water  into  the  tube. 

Ch,  It  has  separated  the  boards,  and  lifted  up  the 
weight. 

Fa.  Thus  you  see  that  seven  or  eight  ounce's  of  water  have 
raised,  and  continue  to  sustain,  a  weight  o(  56  lb.  By  di- 
minishing the  bore  of  the  pipe,  and  increasing  its  length,  the 
same  or  even  a  smaller  quantity  of  water  would  raise  a  much 
larger  weight. 

Ch,  How  5o  you  find  the  weight  that  can  be  raised  by  this 
small  quantity  of  water? 

Fa,  Fill  the  bellows  with  water;  the  boards  of  which,  when 
distended,  are  three  inches  asunder:  then  screw  in  the  pipe* 


Fig.  13. 
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Afi  there  is  no  pressure  upon  the  l>eUowa,  tlie  water  stands  in 
the  pipe  At  X  at  the  same  level  with  that  in  the  heltows. 

Now  place  weights  on  the  upper  board  till  the  nater  asc«nda 
exactly  to  the  top  of  the  pipe  e ;  these  weights  express  the 
weight  of  a  pillar  or  column  of  water,  the  base  nf  which  is 
equal  to  the  area  of  the  lower  board  of  the  hellows,  and  the 
height  equal  to  the  distance  of  tliat  board  from  the  top  of  the 
pipe. 

£m.  "Will  you  make  the  experiment.  Papa? 

Fa.  Yea,  if  your  brother  will  first  ninke  the  calculation. 

CA.  That  I  shall  be  huppy  to  do  if  I  may  look  to  you  for 
A  little  assistance. 

la.  Tou  will  require  very  little  of  my  help.  Measure  the 
diameter  of  the  bellows,  and  tlie  perpendicular  height  ■  of  tlie 
pipe  from  the  bottom  board. 

CA.  The  bellows,  which  are  circular,  are  12  inches  in  dia- 
meteri  and  the  height  of  tlie  pipe  is  36  inches. 

Fa.  Well;  you  have  to  find  the  solid  contents  of  a  cylinder 
of  these  dimenuona;  that  is,  the  area  of  the  base  multiplied 
by  the  height 

CA.  To  find  the  area  1  multiply  the  square  of  12  inches, 
that  is  144  by  the  decimals '7834,  itnd  the  product  is  113, 
the  number  of  square  inches  in  the  .area  of  tlie  bottom  board 
of  the  bellows.  And  113  multiplied  by  36  inches,  the  length 
of  the  pipe,  gives  4068,  the  number  of  cubic  inches  in  such  a 
cylinder:  this  divided  by  1728  (which  is  the  number  of  cubic 
inches  in  a  cubic  foot)  leaves  a  quotient  of  2'3  cubic  feet,  the 
solid  contcnW  of  the  cylinder.  Still  I  have  not  the  weight  of 
the  water. 

Fa,  The  weight  of  pure  water  is  equal  in  all  parts  of  the 
known  world;  and  a  cubic  foot  of  it  weighs  1000  ounces. 

Ch.  Then  such  a  cylinder  of  water  as  we  have  been  con- 
versing about  weighs  2300  ounces,  or  144  pounds,  nearly. 

Em.  Let  us  now  see  if  the  experiment  answers  to  Chu'lee's 
calculation. 

Fa.  Well,  we  will.  Put  the  weights  on  carefully,  or  you 
will  dash  the  water  out  at  the  ttip  of  the  pipe;  and  I  dare  say 
that  you  will  find  the  fact  agrees  witli  the  theory. 

C/i.  If,  instead  of  this  pipe,  another  of  double  the  Icngtli 
were  used,  would  the  water  sustain  a  double  weight? 

Fa    It  would;  and  a  pipe  three  or  four  times  the  length 
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would  sustain  a  weight  three  or  four  times  f^^eater.  I  will 
simply  observe  therefore  how  you  may  readily  ascertain  what 
weight  can  be  thus  supported — thus,  every  individual  portion 
of  the  surface  of  the  upper  board,  equal  in  area  to  the  section 
of  the  tube,  is  pressed  upwards  by  a  force  equal  to  the  weight 
of  water  in  the  tube  above  the  level  of  the  upper  board:  so 
that  if  the  area  of  the  section  of  the  tube  is  one  square  inch, 
and  the  surface  of  the  upper  board  is  100  square  inches,  then 
a  column  of  water  weighing  one  pound,  will  support  a  weight 
on  the  board  of  100  pounds. 

Ch,  Is  there,  then,  no  limit  to  this  kind  of  experiment, 
except  that  which  may  arise  from  the  difficulty  of  acquiring 
lengUi  in  the  pipe? 

Fa.  The  bursting  of  the  bellows  would  soon  determine  the 
limit  of  the  experiment.  Dr.  Groldsmith  says  that  he  once 
saw  a  strong  hogshead  of  liquor  split  by  this  experiment.  A 
small  tube  of  great  strength,  made  of  tin,  about  20  feet  long, 
was  cemented  into  the  bung-hole,  and  then  water  was  poured 
through  it  to  fill  the  cask:  when  it  was  full,  and  the  water  had 
risen  to  within  about  a  foot  from  the  top  of  the  tube,  the 
vessel  burst  with  prodigious  force. 

Em,  It  is  very  difficult  to  conceive  how  this  pressure  acts 
with  such  power. 

Fa,  The  water  at  o  is  pressed  with  a  force  proportional  to 
.the  perpendicular  altitude  eo:  this  pressure  is  communicated 
horizontally  in  the  direction  opq^  and  the  pressure  so  com- 
municated acts,  as  you  know,  equally  in  all  directions;  the 
pressure  therefore  downwards  upon  the  bottom  of  the  bellows 
is  just  the  same  as  it  would  be  if/?  qnr  were  a  cylinder  of  water. 

The  experiment  made  on  the  bellows  might,  from  the  want 
of  such  an  instrument,  be  made  by  means  of  a  bladder,  in  a 
box  with  a  moveable  lid. 

Em.  Has  this  property  of  hydrostatics  been  applied  to  any 
practical  purposes? 

Fa,  The  knowledge  of  it  is  of  vast  im- 
portance in  the  concerns  of  life.  On  this  prin- 
ciple a  press  of  immense  power  has  been  formed, 
which  we  shall  describe  when  you  become  ac- 
quainted with  the  nature  and  structure  of  valves.  J 
Tlus  press  is  used  in  almost  all  sea-port  towns, 
for  packing  into  small  compass  hay  and  other       ^s  i* 
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cammodities  for  exportation;  and  whicli,  in  their  ordinary 
state,  would  take  up  too  much  space.  It  is  also  now  in 
general  use  in  pressing  paper;  its  great  power  having  entirely 
superseded  hot-pressing;  as  well  as  in  other  manufactures. 

In  addition  to  this,  the  principle  is  of  extensive  operation 
in  engineering,  and  many  of  the  phenomena  of  nature  are  ex- 
plaint  hy  it.  If  a  very  small  portion  of  water  were  to  lodge 
to  a  considerable  height  in  gravel,  or  other  loose  earth,  be- 
hind a  wall  or  embankment,  it  would  exert  a  lateral  pressure 
sufficient  to  force  the  materials  from  their  foundation:  hence 
a  sudden  shower  often  causes  considerable  damage.  So  like- 
wise if  the  rain  should  fill  a  long  narrow  chink  in  a  wall,  or 
even  in  a  mountain,  though  it  may  fluctuate  in  its  size,  and 
deviate  from  direct  perpendicular  height,  it  may  cause  ex- 
tensive devastation,  and  the  mountain  be  rent  with  a  force 
equal  to  the  pressure  of  many  thousand  tons,  though  perhaps 
but  one  or  two  tons  had  been  actually  employed. 

QUESTIONS  FOfi  EXAMINATION. 


How  is  the  preseure  of  fluids  of  the 
same  kind  estimated?  —  Explain  the 
diflerence  between  weight  and  pressure. 
^Can  yon  explain  the  construction 
and  operation  of  the  hydrostatic  bel- 
lows ?  —  Is  there  any  means  of  making 


this  small  quantity  of  water  bear  a  still 
greater  weight?  —  What  will  set  limits 
to  this  experiment? — In  what  manner 
has  a  hogshead  been  burst,  and  how  it 
the  fact  to  be  accounted  for  ? 


CONVERSATION  VIL 


OP   THE    PRESSURE    OF   FLUIDS   AGAINST   THE    SIDES   OF 

VESSELS. 

Father.  Do  you  recollect,  Charles,  the  law  by  which  you 
calculate  the  accelerated  velocity  of  falling  bodies  ?♦ 

Ch.  Yes:  the  velocity  increases  in  the  same  proportion  as 
the  odd  numbers  1,  3,  6,  7,  9,  &c.;  that  is,  if,  at  the  end  of 
one  second  of  time,  a  body  be  carried  through  16  feet,  then, 
in  the  next  second,  the  body  will  descend  three  times  16  feet; 
in  the  third,  it  will  descend  five  times  16  feet;  and  in  the 
next,  seven  times  16  feet;  and  so  on  continually  increasing 
in  the  same  proportion. 


•  See  Mechanica. 
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Fa.  How  nan  J  feet  altogether  has  a  body  £ftllen  at  the  end 
cf  the  third  second? 

Em.  I  recollect,  Papa,  that  the  whole  space  throngh  which 
it  will  fidl  in  tiiree  seconds  is  nine  times  16,  or  144  feet;  be- 
cause the  role  is,  that  the  whole  spaces  described  bj  falling 
bodies  are  in  proportion  to  the  squares  of  the  times;  and  the 
square  of  three  is  nine;  therefore,  if  it  fall  through  16  feet  in 
the  first  second,  it  will  in  three  seconds  fall  through  nine 
times  16,  and  in  five  or  dght  seconds  it  will  descend  in  the 
former  case  through  25  times  16  feet,  and  in  the  latter  through 
64  times  16  feet;  for  25  is  the  square  of  five,  and  64  is  the 
square  of  eight.  The  example  of  the  arrow,  which  jou  gave 
me  to  calculate,  has  fixed  the  rule  in  mj  memory. 

Fa.  Well,  then,  what  I  am  going  to  tell  you  will  tend  to 
impress  the  nde  still  stronger  in  your  recollection. 

The  pressure  of  fluids  against  the  sides  of  any  vessel  in- 
creases in  the  same  proportion,  and  is  governed  by  the  same 
laws. 

Suppose  abed  to  be  a  rectangular  vessel  filled 
with  water,  or  any  other  fluid,  and  one  of  the  sides 
to  be  accurately  divided  into  any  number  of  equal 
parts  by  the  lines  1,  7;  2,  8;  3,  9,  &c.  If  the  pres- 
sure of  the  water  upon  the  part  of  the  vessel  alb7 
be  equal  to  an  ounce  or  a  pound,  then  the  pressure 
upon  the  part  12  7  8  will  be  equal  to  three  ounces  ^^-  **• 
or  three  pounds;  and  the  pressure  upon  the  part  2  3  8  9  will 
be  equal  to  five  ounces  or  five  pounds;  and  so  on. 

Ch.  Now  I  perceive  the  reason  why  the  other  part  of  the 
rule  holds  true:  viz.,  that  the  pressure  against  the  whole  side 
must  vary  as  the  square  of  the  depth  of  the  vessel. 

Fa.  Explain  then  how  it  operates. 

Ch.  The  pressure  upon  the  ^rst  part  being  1,  and  that 
upon  the  second  3,  and  that  upon  the  third  5;  then  the 
pressure  upon  the  first  and  second,  taken  together,  is  by 
addition  4:  upon  the  first,  second,  and  third,  it  must  be  9; 
and  upon  the  first,  second,  third,  and  fourth,  it  will  be  16; 
but  4,  9,  16,  are  the  squares  of  2,  3,  4. 

Em.  And  the  pressure  upon  the  whole  side  abed  must  be 
S6  times  greater  than  that  upon  the  small  part  a  1  b  7. 

Ch.  And  if  there  are  three  vessels,  for  instance,  whoiie 
depths  are  as  1,  2,  aad  3,  the  pressure  against  the  side  of  tlie 
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second  will  be  four  times  gi'eater  than  that  agaiiiat  tbe  first; 
snd  the  pressure  i^ainst  tlie  nide  of  tbe  third  will  be  nine 
times  greiiter  tlian  tliat  against  the  firet. 

Fa.  Tiie  beautiful  simplicity  of  this  role,  and  its  being 
tiie  same  by  ivliich  the  aecejerating  vdocity  of  tailing  bodies 
is  governed,  will  make  it  impoeeible  that  you  should  ever 
forget  it. 

The  use  that  vn  shall  have  to  make  of  this  rule  by  and  bye 
indoces  me  to  put  tliis  question: — 

In  two  canals,  oiie  5  feet  deep,  and  the  other  1 5 ;  what  dif- 
ference of  pressure  will  there  be  against  the  sides  of  these  canals? 

Em.  The  pressure  against  the  one  will  be  »e  the  square  of 
6,  or  25;  that  against  the  otbei-  will  be  as  the  square  of  15, 
or  225;  for  the  latter  number  divided  by  the  former  gives  9 
•s  a  quotient,  which  shows  that  the  pressure  against  the  sides 
of  the  det'p  canal  is  nine  times  greater  than  that  against  tha 
sides  of  the  shallower  one.  Ciuwot  this  principle  he  proved 
by  an  experiment? 

Fa,  Yes;  by  a  very  simple  one:  fig-  16  ii  a  *' 

Teasel  of  the  Hvne  size  as  tlie  last;  the  bottom  and  , '  T^ 
«ideJ^  are  of  wood,  mortised  togetber;  the  ffont  -.^_;_ 
tuid  opposite  ridea  are  gbss,  carefully  inserted  in  *  -  j_;_ 
the  wooden  parts,  and  made  water  tight.  A  thin  ffl  '■-.  ^L_ 
board,  c,  hanging  by  two  hingiw,  xj/,  is  held  close  1*;^.  *_'_ 
to  the  glass  pmie:"  by  the  pulley  anil  wi^ight,  id.  5  ^j — ^ 
The  board  is  covered  with  cloth,  and  made  water- 
tight  ^'     " 

Now  observe  the  exact  weight  whitJi  is  overcome  when  he 
water  is  poured  iu  and  rises  to  the  line  1 ;  then  hang  on  f  ur 
times  that  weight,  iind  you  will  see  that  water  may  he  pon  ed 
into  the  vessel  till  it  rises  to  the  line  2,  when  the  side  e  will 
give  way,  and  let  pitrt  of  it  out. 

£111.  But  wliy  does  only  a  part  run  away? 

Fa.  Because,  when  a  small  quantity  of  the  water  has 
es^'oped,  the  weight,  w,  is  greater  than  the  pressure  of  the 
wstt^r  against  c;  therefore  the  door  c  will  be  drawn  tdose  to 
tbii  glass  panes  and  confine  the  re^t  within  the  vessel. 

YoOnmy  now  hang  on  a  weight  nine  times  jn'eater  than  the 
first,  and  then  tbe  vessel  will  contain  water  tilt  it  rises  up  t» 
the  mark  3,  when  the  side  will  give  way  by  the  pressure,  utd 
part  of  the  water  escape. 
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Ch.  Yoa  have  explained  the  manner  of  estimating  the 
pressure  of  fluids  against  the  sides  of  a  vessel.  By  what  rule 
are  we  to  find  the  pressure  upon  the  bottom? 

Fa,  In  such  vessels  as  those  which  we  have  just  described 
(that  is,  where  the  sides  are  perpendicular  to  the  bottom,  and 
the  bottom  parallel  to  the  horizon)  the  pressure  will  be  equal 
to  the  weight  of  the  fluid, 

Em,  If,  therefore,  the  vessel  yz  hold  a  gallon  of  water, 
which  weighs  about  eight  pounds,  the  bottom  being  made 
moveable,  like  the  side,  would  a  weight  of  eight  pounds  keep 
the  water  in  the  vessel? 

Fa,  It  would:  for  then  there  would  be  an  equilibrium  be- 
tween the  pressure  of  the  water  and  the  weight.  And  the 
pressure  upon  anj  one  side  is  equal  to  half  the  pressure  upon 
the  bottom;  that  is,  provided  the  bottom  and  sides  are  equal 
to  one  another. 

Ch,  Pray,  Papa,  explain  how  this  is. 

Fa,  The  pressure  upon  the  bottom  is,  as  we  have  shown, 
equal  to  the  weight  of  the  fluid.  But  we  have  also  shown 
that  the  pressure  on  the  side  grows  less  and  less  continually, 
till  at  the  surface  it  is  nothing.  Since,  then,  the  pressure 
upon  the  bottom  is  truly  represented  by  the  area  of  the  base 
multiplied  into  the  altitude  of  the  vessel,  the  pressure  ii|)on 
the  side  will  be  represented  by  the  base  multiplied  into  half 
the  altitude. 

Em,  Is  the  pressure  upon  the  four  sides  equal  to  twice  the 
pressure  upon  the  bottom? 

Fa,  It  is:  consequently  the  pressure  of  any  fluid  upon  the 
bottom  and  four  sides  of  a  cubical  vessel  is  equal  to  three 
times  the  weight  of  the  fluid. 

C^  you,  Charles,  tell  me  the  difference  between  the  weight 
Kadthcpressure  of  a  conical  vessel  of  water  standing  on  its  base? 

Ch,  The  weight  of  a  conical  vessel  of  any  fluid  is  found  by 
multiplying  the  area  of  the  base  by  one  third  part  of  its  per- 
pendicular height:  but  the  pressure  is  found  by  multiplying 
the  base  by  the  whole  perpendicular  height;  therefore  the 
pressure  upon  the  base  will  be  equal  to  three  times  the  weight. 
I  think  when  I  was  learning  mensuration,  that  the  rule  for 
finding  the  solidity  of  a  cone,  or  a  pyramid,  is  this:  "  mul- 
tiply the  area  of  the  base  by  ^  of  the  height,  and  the  product 
will  be  the  solidity." 
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Em.  How  do  you  ascertain  the  preesiii*,  Papo,  upon  other 
surfaces  besides  those  which  are  horizontal? 

Fa.  Whether  tlie  sides  or  surfaces  he  perpendicular,  hori- 
lontal,  or  oblique,  the  pressure  of  a  body  of  water  is  always 
equal  to  the  product  of  the  surface  multiplied  by  the  depth  of 
its  centre  of  gravity. 

Ch.  Will  you  be  kind  enough  to  explain  this,  Papa? 

Fa.  Suppose  you  wish  to  find  the  pressure  upon  tha 
sloping  side  of  a  pond:  you  must  drop  a  plumb-line  from  the 
water  to  the  middle  of  the  sloping  side,  just  half-way  between 
the  surface  of  the  water  and  the  bottom,  and  multiply  the 
length  of  the  plumb-line  under  water,  by  the  areft  of  the 
Burtace  covered  with  water;  so  that  if  the  line  is  10  feet, 
there  will  be  upon  every  6  feet  square  of  that  side  a  pressure 
of  about  10  tons:  you  may  set  it  down  as  a  general  rule,  that 
the  pressure  of  fresh  water  is  always  about  13  pounds  upon 
every  square  inch  of  level  bottom  at  the  depth  of  30  feet, 
whatever  may  be  the  form  or  position  of  the  Hides;  and  so  in 
proportion  for  greater  or  less  depths:  if  the  sides  are  perpen- 
dicular, and  of  whatever  shape,  provided  the  width  of  the 
pond  or  vessel  is  the  same  all  the  way  down,  the  pressure  on 
every  square  inch  of  the  sides  is  nearly  13  pounds  at  the  depth 
of  30  feet,  and  so  in  proporlion  for  greater  or  less  depths. 

QDEBTIONS  FOa  EXAMINATION. 

WhM  1(  tho  Uw  of  Uie  ptt«!Uiro  of  i  bring  live  feet,  ud  ibat  of  Uif  other 

fliddi  Bgntnrtlhe  ildeiiot»nTv«iel' —  I  Bfteenf — Howlithiiprorcdbycipert- 

£]ct>lBmthi!nb)«ct  b/meuiiDf  Sg,  Ift.  monl? — HDtr  it  tbis  pnuun  agaiiut 

—  C«ii  yoQ  lell  me  wby  Ibe  presmro  tbe  bottom  of  ■  vesmI  aiiaUtH? — 

Igaiiut  the  whole  ilde  of  a  tsimI  mutt  |  Wtiit  la  the  prcnure  npon  utj  aids  Ot 

Yurr  «•  the  fqnnre  of  the  depth  of  Ihe  I  &  Gabiul  leocl.  *nd  vthH<  li  the  niioti 

Ytuel? — Suppone  you  hAve  three  ves-  of  It? — What  la  thepremire  upon  th« 

Mil  whou  depths  are  u  1,  9.  and  3  i  '  Ihur  ildu  equal  lu?  —  Whst  In  (he  dlf- 

irfaat  will  be  Ibe  propOTtloaal  presiiirei  I  ference  iKtnretll  the  velght  and  tlia 

■fJllnit  the  Bevenl  litlea? — What  will  I  preBsore  of  a  conical  veiKl  of  v^atec 

)>c  the  (lifferenoc  of  preuure  ai^Binit  the  BCandlng  on  its  ba«  ? 


CONVERSATION  Vni. 


Father.  We  will  now  consider  the  pressure  of  fluids  with 
legHrd  to  the  motion  of  them  through  spouting-pipea,  which 


J 
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ift  Mlifeet  to  the  SMiiekw.     This  forms  a  portkxi  of  Hy- 
draulics. 

If  the  pipes  ai  1  and  4  (ig.  15)  be  equal  in  siae  and  length, 
Ae  discharge  of  water  by  the  pipe  at  4  will  be  double  that 
at  1.  .  Bectmse  the  yekMatj  with  which  water  spouts  oat  at  a 
hole  in  the  side  or  bottom  of  a  vessel  is  as  the  square-rcoi  of 
the  distance  of  the  hole  b^w  the  sor&oe  of  the  water:  or  in. 
otiier  words,  the  velocity  and  quantity  are  in  )[>r(^N>rtion  to 
the  square-root  <^  the  dq»th« 

JEtm.  What  do  jwi  mean  by  the  square-root? 

Fa.  The  square-root  of  any  number  is  that  which,  being 
amltiplied  into  itself  jMnoduces  the  said  number.  Thus  the 
square-root  (^  1  is  1 ;  but  of  4  it  is  2;  of  9  it  is  3;  and  of  16 
it  is  4,  and  so  on. 

Ch.  Then  if  you  had  a  tall  vessel  of  water,  with  a  ti^  in- 
serted within  a  foot  of  the  top,  and  yon  wished  to  draw  the 
liquid  off  three  times  faster  than  it  could  be  done  with  that, 
what  would  you  do? 

Fa,  I  should  take  another  tap  of  the  same  size,  and  insert 
it  into  the  barrel  at  nine  feet  distance  from  the  surface,  and 
the  thing  required  would  be  done. 

JSm,  Is  this  the  reason  why  the  water  runs  so  slowly  out  of 
the  cistern  when  it  is  nearly  empty,  in  comparison  with  its 
force  when  the  cistern  is  full? 

Fa.  It  is:  because  the  more  water  there  is  in  tnc  cistern, 
the  greater  the  pressure  upon  the  part  where  the  tap  is 
inserted;  and  in  proportion  to  that  pressure,  the  velocity  and 
quantity  of  water  running  out  is  increased. 

In  some  large  barrels  there  are  two  holes  for  cocks  or  taps, 
one  about  the  middle  of  the  cask,  the  other  at  the  bottom; 
now  if  when  the  vessel  is  full  you  draw  the  beer  or  wine 
from  both  cocks  at  (»kce,  you  will  find  that  the  lower  one  gives 
out  the  liquor  considerably  faster. 

Ck.  How  do  you  estimate  the  proportion,  Papa? 

Fa,  Just  as  the  square-root  of  2  is  to  that  of  1 .  While  a 
quart  was  running  from  the  upper  cock,  three  pints,  nearly, 
would  run  from  the  lower  one. 

Em.  Are  we,  then,  to  understand,  that  the  pressure  against 
the  side  of  a  vessel  increases  in  proportion  to  the  square  of  the 
d^th;  when  the  velocity  of  a  spouting  pipe^  which  depends 
Upon  the  pressure,  increases  only  as  the  square-root  of  the  depth? 
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Fa.  That  is  the  proper  disliiictioD. 

CA.  Is  not  the  velocity  of  water  runTiing  out  of  a  vessel 
thMt  entptifs  itself  continually  decreasing? 

Fa.  Cerlainlj;  bciuiuse,  in  proporttoo  to  the  quantity 
drawn  off,  the  sorfiice  descends,  aad  conseqoently,  tite  per- 
pendicular depths  become  leas  and  less. 

The  spaces  described  by  the  ciescendiiig  snrface,  in  equal 
portions  of  time,  nre  as  the  odd  numbers  I,  3,  5,  7.  9,  kc, 
lak-'H  backwards. 

£m.  If  the  height  of  n  vessel  filled  with  any  fluid  be  di- 
vided into  2S  parts,  and  in  a  ^ven  space  uf  time,  as  a  minute, 
tbe  surface  descend  through  nine  of  those  parte,  will  it  in  the 
nest  minute  descend  through  seven  uf  those  ports,  and  the 
third  minute  five,  is  the  fourth  three,  and  in  tbe  fifth  one? 

Fa.  This  is  the  law;  and  Irom  it  have  been  invented 
clrpigdras,  or  water  ciricks. 

Ck.  ^Vhy  are  they  60  called;  andbowaretheyconstructed, 
Papa? 

Fa.  The  term  cleptydra  is  derived  from  th«  Greek  word 
clt^tudra  (tXi^fpa,)  a  word  compounded  of  clepto  (tXtrru) 
"  to  conceal,"  and  hudor  (ucuip)  "  water,"  Water  clocks 
were  first  brought  into  Egypt  under  the  reign  of  the 
Ptolemies,  and  commonly  used  in  Rome  during  tbe  winter 
season,  son-dials  superseding  them  in  the  aummer.  Before 
the  invention  of  clocks  and  watches,  they  were  \^Ty  general 
for  the  admeasurement  of  small  portions  of  time:  and  the  re- 
vival of  their  use  lias  been  proposed  by  the  late  Captain 
Kater,  but  adopting  mercury  instead  of  water.  To  construct 
a  clepsydra,  take  a  cylindrical  vessel,  and,  baring  ascertained 
the  time  it  will  require  to  empty  ilnelf,  divide  the  surface,  by 
line«^  into  portions  which  are  to  one  another  as  the  odd 
numbers  1,  3,  5,  7,  &c. 

Em.  Suppose  tbe  vessel  requires  sis  hours  to  empty  itself; 
how  must  it  be  divided? 

Fa.  It  must  be  first  divided  into  36  equal  parts;  then,  be- 
^fuag  from  the  surtace,  take  eleven  of  those  parts  for  the 
first  hour,  nine  for  the  second,  seven  for  the  third,  five  forthe 
foorth,  three  for  tbe  fifth,  and  one  for  the  sixth:  and  you  will 
find  that  the  surface  of  the  water  will  descend  regularly 
through  eacli  of  these  divisions  in  an  hour. 

But  reverting  to  tbe  great  force  of  water;  I  believe  both  of 
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jou  have  seen  the  locks  that  are  constructed  on  yarious  rivers 
find  canals. 

Ch,  Yes:  and  I  have  wondered  whj  the  flood-gates  were 
made  of  such  an  enormous  thickness. 

Fa.  But,  after  what  jou  have  heard  respecting  the  preasore 
of  fluids,  you  will  see  the  necessity  there  is  fbr  the  great 
strength  employed. 

Ch,  I  do:  for  sometimes  the  height  of  the  water  is  20  or 
30  times  greater  on  one  side  of  the  gates  than  it  is  on  the 
other;  therefore  the  pressure  will  be  400  or  even  900  times 
greater  against  one  side  than  it  is  against  the  other. 

Em,  How  are  the  gates  opened  when  such  a  weight  presses 
against  them? 

Fa.  No  power  could  be  well  employed  to  move  them  when 
this  weight  of  water  is  against  them:  therefore  there  are  side 
sluices,  which  being  drawn  up,  the  water  escapes  through 
them,  till  it  becomes  level  on  both  sides:  then  the  gates  are 
opened  with  the  greatest  ease;  because,  the  pressure  being 
equal  on  both  sides,  a  small  force  applied  will  be  sufficient  to 
overcome  the  friction  of  the  hinges  or  other  comparatively 
trifling  obstacles. 

Ch.  Is  it  this  great  pressure  that  sometimes  beats  down  the 
banks  of  rivers? 

Fa.  Certainly:  for  if  the  banks  of  a  river  or  canal  do  not 
increase  in  strength  in  the  proportion  of  the  squai*e  of  the  depth, 
they  cannot  stand.  Sometimes  the  water  in  a  river  will  in- 
sinuate itself  through  the  bank  near  the  bottom;  and  if  the 
weight  of  the  bank  be  not  equal  to  that  of  the  water,  it  will 
assuredly  be  torn  up,  and  perhaps  with  great  violence. 

I  will  make  the  matter  clear  by  a 
figure.  Suppose  this  figure  be  a 
section  of  a  river,  and  c  a  crevice  or 
drain  made  by  time  under  the  bank 
g.  By  what  we  have  shown  before, 
the  upward  pressure  of  the  water  in 
that  drain  is  equal  to  the  downward  pressure  of  the  water  in 
the  ri^-er:  therefore,  if  that  part  of  the  bank  be  not  as  heavy 
as  a  column  of  water  of  the  same  height  and  width,  it  must 
be  torn  up  by  the  force  of  the  pressure. 


Fig.  17. 


QL'ESTIOJTS  FOK  EXAMINATION 

Eipliln  bf  eg.  IS,  Ihe  matton  oT  I  tin  velodty  of  a  tpontlnit  pipe.  —  Doe* 

fluids  IhTUUflb  pipts.  —  By  what  Law  ii  Uia  vidodt^  of  m  running  fluid   coit- 

tbuTelodtfofipoutingitillililgovenicd?  tinuall]'ilccrc«M,uidwbf?_Hawmn 

— How  It  thii  praeticilly  appliciblc  ? —  wBtsrJjlocla  conilruclsd  ? — How  would 

Wliy  doe>  wiUr  run  alowl;  out  o[  a  yon  divide  ■  vcnel  of  tbia  kind  thmt 

dMUn  whtn  ilmnsl  empty?  — In  a  would tequlresin hours  wuopty  itwlff 

lurrel  of  porter  itanding  on  Its  haul,  —  Wby  «ro  tlic  llood-gatu  to  locJu 

Imrtng  CwaoKk9.DneiDtliemiddle  uid  i  made  to tblek ? — How  treiheyopened 

tlu  oUiernfliir  the  bottom,  whicb  will  wheuBUeli  h  weight  pivHKA  upon  tbcm  ? 

gila  out  the  llqaec  the  fMtnt,  ud  (n  —  Wlut  effect  bu   tke  prcuure   of 

whit  praporClon  ?  —  Pcdnt  out  the  dii-  wnter  on  the  banks  of  ■  river  ?  —  Can 

Upctiun  vbicb  tiiiea  between  tbcpres-  |  yon  explain  Ihli  by  the  aid  of  Bg.  IT  ? 
■ore  igalDit  the  side  of  a  wsiel,  md  '. 


CONVERSATION  IX. 

OF  THE    MOTION  OP   FLUIDS — COlltimied. 

Father.  I  will  now  show  yoa  an  experiment  by  wLich  you 
will  observe  the  uiiilbrmity  ol'  nature's  opRrationa  in  regard  to 
spouting  fluids. 

Ck.  Do  you  refer  to  any  other  facta  besides  those  whiph 
n;lnte  to  the  quantity  of  watf?r  issuing  from  pijies? 


.  Tes.      Let  . 


,  tall 


represent  i 
Teasel  of  wnter,  which  must  be  always 
kept  full  while  the  experiments  are  making. 
Pnim  the  centre  of  this  vessel  I  have 
drawn  a  semicircle,  the  diameter  of  which 
u  the  height  ol  ttie  vessel  \B.  I  have  ' 
drawn  three  linea;  d  2,  from  the  centre  of  ^>e- 1'- 

the  veesel,  c  I,  a  3,  nt  equal  distances  from  the  centre;  the 
one  above  and  the  other  twlow  it:  all  three  are  drawn  perpen- 
dicular to  the  vessel.  By  taking  out  the  plug  from  the  centre, 
you  will  see  the  wotiir  spout  to  m.  Take  your  compasses,  and 
you  will  find  that  the  distance  n  m  is  exactly  double  the  length 
<A'd2,  I  will  now  stop  tliis  plug,  and  open  the  next  below. 
Ch.  The  water  reaches  to  k,  which  is  double  the  length  of 

Fa.  Try  in  the  some  manner  the  pipe 

CS.  It  falls  at  the  same  spot,  k,  as  it  did  from  the  lower 
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Fa,  Because,  the  lines  c  1  and  a  5  being  equally  distant 
from  the  centre,  dy  of  the  circle,  are  equal  to  each  other. 

jEm.  Tben  h  k  is  the  double  of  e  1,  as  well  as  of  a  5. 

Fit,  It  is.  The  general  mle  deduced  from  these  experi- 
ments  is^  that  the  horiaontal  distance  to  which  a  fluid  will 
apoot  from  an  horizontal  pipe,  in  any  part  of  the  side  of  an 
upright  vessel  below  the  suiface  of  the  fluid,  is  equal  to  twice 
the  length  of  a  perpendicnlar  to  the  side  of  the  ressel  drawn 
fnwn  the  mouth  oi  ^e  pipe  to  a  semicircle  described  upon  the 
altitude  of  the  TcsseL 

Can  you,  Charles,  t^  me  in  what  part  the  pipe  should  be 
placed,  in  order  that  the  fluid  should  spout  the  farthest  pos- 
sible? 

Ch.  In  the  centre:  for  the  line  d  2  seems  to  be  the  greatest 
of  all  the  lines  that  can  be  drawn  from  the  yessel  to  the  curved 
line. 

Fa,  Yes;  it  is  demonstrable  by  geometry  that  this  is  the 
case;  and  that  lines  at  equal  distances  from  the  centre,  above 
and  below,  are  also  equal  to  each  other. 

Em,  Then  in  all  cases,  if  pipes  are  placed  equally  distant 
from  the  centre,  they  will  spout  to  the  same  point. 

Fa.  They  will.  Instead  of  horizontal  pipes,  I  will  fix 
three  others  near  n,  which  shall  point  obliquely  upwards  at 
diflerent  angles;  one  at  22°  SCX,  the  second  at  45^,  and  the 
third  at  67°  3(y ;  and  you  will  see  that,  when  I  open  the  cocks, 
the  water  will  cut  the  curve  line  in  those  places  to  which  the 
horixontal  lines  were  drawn. 

Ch,  That  which  spouts  from  the  centre  is  thrown  to  the 
point  M,  as  it  was  from  the  centre  horizontal  pipe.  The  two 
others  fall  on  the  point  k,  on  which  the  upper  and  lower  hori- 
zontal pipes  ejected  the  stream. 

Em,  I  thought  the  water  from  the  upper  cock  did  not  reach 
so  high  as  the  mark. 

Fa,  It  did  not.  The  reason  is,  that  it  had  to  pass  through 
a  larger  body  of  air;  and  the  resistance  from  that  retarded  the 
water,  and  prevented  it  from  ascending  to  the  point  to  which 
it  would  have  ascended  i^  the  air  had  been  away. 

While  we  are  on  this  subject,  I  will  just  mention,  that  as 
you  see  the  water  spouts  the  furthest  when  the  pipe  is  elevated 
to  an  angle  of  45**,  so  a  gun,  cannon,  &c.  will  project  a  bullet 
the  furthest  if  it  be  also  elevated  to  the  same  angle. 
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Ot.  Will  a  cannon  or  mortar  carry  a  boll  the  same  dis- 
knee  if  it  be  dev>l«d  at  ancles  equally  distant  from  45°, 
the  one  abort),  and  the  other  bclow^ 

Fa.  It  wiU,  in  theory:  but,  owing  to  the  great  resistance 
which  very  switt  motions  hare  to  encounter  from  tlie  air,  there 
must  be  allowitnces  made  for  a.  considerable  Toriation  between 
theory  and  practice. 

A  regard  to  tliis  will  explain  the  reason  why  water  will  not 
ise  BO  high  in  a  jut  as  it  does  in  a  tube. 

Em.  I  do  not  know  what  tliis  means. 

Fa.  You  have  oeen  a  fountain? 

Em.  Ym;  I  have  often  beeu  amused  with  tiiat  near  the 
Temple  -gardens. 

Fa.  Fountains  are  usually  called  jett,  Irom  the  French 
term,  jets  rTeau,  from  ji'ter,  "  to  cast  or  thruw  Dp."  Now  if 
the  water  of  that  in  the  Temple  ascended  tlirough  a  V'P^i  '^ 
would  rise  higher  than  in  thenpen  aii'.      Tnm  to  fig.  10;  the 

ter  in  the  amall  tube  rises  Ui  a  level  with  that  in  the  lai^er 

;;  but  if  the  tube  uo  were  broken  off  at  /,  the  water  would 
epout  up  like  a  fountain,  but  not  so  high  as  it  stands  in  the 
^bc,  perhaps  no  higher  than  to  d. 

Ck.   la  that  owing  entirely  to  the  resistance  of  the  air? 

Fa.  It  is  to  be  ascribed  to  the  resistance  which  the  water 
aeets  with  from  the  air,  from  the  friction  also  against  the  sides 
of  the  spout,  and  tii  the  force  of  gravity,  which  has  a  tendency 
to  retai'd  the  motion  of  the  stream. 

Eitt.  Why  does  the  fountaiu  in  the  Temple  sometimes  riiM 
higher  and  sometimes  lower? 

Fa.  If  ear  the  Temple -gardens  there  is  a  reservoir  of  water, 
fmn  which  a  pipe  communicates  with  the  jet  in  the  fountain; 
Bod  according  to  the  quantity  of  water  in  the  reservoir,  tlie 
ascent  is  higher  or  lower. 

Cit.  By  turning  a  cock  near  the  pump  the  height  a  instantly 
lowered. 

Fa.  That  cock  is  likewise  connected  with  the  reservoir; 
and  therefore,  taking  water  from  it  must  have  the  efiect  of 
lowering  the  stream  at  the  fountaiu,  as  well  as  the  water  ia 
the  reservoir. 

Em,  It,  however,  soon  recovers  its  force. 

Fa.  Yes;  because  there  is  a  constant  supply  of  water  to 
the  reaervwr,  which,  not  coming  in  so  quickly  as  the  cock 
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lets  it  out,  the  fountain  cannot  always  play  to  the  same  height 
The  Telocity  with  which  water  issues  from  an  orifice  is  equal 
to  that  which  would  be  acquired  by  a  heavy  body  in  falling 
through  a  height  equal  to  the  difference  between  the  levels  of 
the  onfice  and  the  fountain  head,  the  principal  causes  which 
prevent  the  jet  from  reaching  the  height  which  theory  assigns 
to 'it  are — Ist,  the  resistance  of  the  air  proportional  nearly  to 
the  square  of  the  velocity;  2nd,  the  friction  against  the  sides 
of  the  pipe,  and  the  orifice  through  which  the  water  issues; 
3rd,  the  decreasing  velocity  of  the  particles  in  the  ascent.,  and 
the  pressure  of  the  lower  particles  on  those  immediately  above, 
and  the  consequent  shortening  and  enlarging  of  the  column 
of  water;  4th,  the  water,  after  all  its  velocity  is  spent,  resting 
on  the  particles  below  it,  and  by  their  pressure  retarding  the 
velocity  of  the  whole  column:  to  avoid  which,  however, 
dightly  inclining  the  jet  from  the  perpendicular  has  been 
found  by  experience  to  be  the  best  remedy:  the  jet  also  by 
this*  means  plays  considerably  higher,  though  the  effect  is  not 
so  pleasing.  It  must  be  borne  in  mind  that  the  diameter  of 
the  orifice,  or,  as  it  is  sometimes  called,  from  the  French,  the 
adjutage^  of  the  jet  should  be  much  less  than  that  of  the 
pipe. 

From  what  you  have  already  learnt  on  this  subject,  you 
will  be  able  to  know  how  London  and  other  places  are  sup- 
plied with  water. 

Ch.  London  is  partly  supplied  from  the  New-river;  partly 
from  the  Thames  at  Chelsea,  and  other  places. 

Fa,  The  New -river  is  a  stream  of  water  that  comes  from 
Ware  in  Hertfordshire:  it  runs  into  a  reservoir  situated  on 
the  high  ground  near  Islington.  From  this  reservoir  pipes 
are  laid  into  those  parts  of  the  city  that  have  their  water  from 
the  New-river;  and  through  these  pipes  the  water  flows  into 
tlie  cisterns  belonging  to  the  different  houses. 

Em,  The  reservoir  of  Islington  must,  of  course,  be  higher 
than  the  cisterns  in  London. 

Fa,  Certainly;  because  water  will  not  rise  above  its  level. 
On  this  account  some  of  the  higher  parts  of  town  have  been 
supplied  from  Hampstcad;  and  others  are  supplied  from  the 
Thames,  by  means  of  the  water-works  at  Chelsea  and  else- 
where. 

Ch  Are  pipes  laid  all  the  way  from  Chelsea  to  town? 
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Fa.  Tea:  but  these  supply  the  iutermediate  places,  as  well 
as  London;  and  Uampst^ad  standing  so  liigh,  tbe  water  is 
carried  up  into  the  first  and  second  stories  in  certain  houses. 
Tbua  you  see  that  water  may  be  carried  to  any  distani^e,  and 
bouses  on  difierent  sides  of  a  deep  valley  may  be  auppUed  by 
water  from  the  same  spring  head.  You  must  remember  that,  \i 
tlie  vftUeys  arc  very  deep,  the  pipes  must  be  exceedingly  strong 
near  tbe  bottom,  because  the  pressure  increases  in  the  rapid 
proportion  of  tlie  odd  numbers  1,  3,  5,  7,  &c.;  and,  therefore, 
unless  the  strength  of  the  wood  or  iixin  be  increased  in  the 
same  proportion,  the  pipes  will  be  continually  bursting. 

Etn.  You  told  me,  the  other  day,  that  the  large  mound  of 
earth  (for  it  appears  to  be  notliing  else)  near  the  end  ot  I'ot- 
tcnham-court-rouil,  was  intended  as  a  reservoir  for  the  New- 

Fa.  I  did:  that  unsightly  mound  contains  an  exceedingly 
large  bo^,  capable  of  containing  a  great  many  thousand 
hogsheads  of  water. 

Ch.  Mow  can  they  got  the  water  into  it? 

Fa,  At  Islington,  near  the  New-river  Head,  is  made  a  large 
reservoir  upon  some  very  high  ground;  into  which,  by  means 
of  a  steam-engine,  they  can  constantly  throw  water  from  the 
Mew-river.  This  reservoir  bdng  higher  than  that  in  Tot- 
tenham-coo rt-road,  supplies  the  latter  with  water  through 
pipes,  and  keeps  it  constantly  full. 

By  this  contrivance  the  New-river  comjiany  have  been 
able  to  extend  their  business  to  other  parts  of  London. 

C7i.  The  weight  of  water  ia  this  place  must  be  immensely 
great. 

Fa,  Yes;  and  therefore  the  necessity  of  the  great  ihick- 
ness  of  earth  which  you  observe  agnJnet  the  wall,  towards  the 
bottom  of  the  mound.  The  thickness  lessens  towards  the  top^ 
as  there  the  pressure  of  water  is  not  so  great. 

Em,  Would  not  the  consequences  be  very  serious  if  the 
water  wert  to  break  tlirough  the  eaiih  at  llie  bottom? 

Fa.  If  auch  an  accident  were  to  happen  wlion  the  reaer%-oir 
was  full  of  water,  it  would  probably  tear  up  t!ie  works  and  do 
incredible  mischief.  To  prevent  this,  the  vast  bank  oi'  eartli 
is  sloped  within,  as  well  as  without,  and  covered  with  a  strong 
coating  of  day;  and  tliick  brick-work  carefully  tarraased 
over,  keeps  the  whole  mass  aa  firm  and  compact  as  the  neccs- 
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iilBf  of  the  case  reqaires.  Nataral  reservoirs  of  water  are 
aekUMi  found  near  tiie  sunmiit  of  a  hill,  for  there  are  not  rills 
and  small  streams  sofficient  to  keep  it  supplied,  and  without  a 
reservoir  there  cannot  of  course  be  any  spring.  In  sncii 
cases,  therefore,  it  is  usual  to  construct  wells,  which  are  then 
generally  very  de^  bef<»^  a  spring  can  be  met  with,  and  then 
the  water  rises  only  as  high  as  the  reservoir  from  whence 
it  flows.  Where  reservmrs  of  water  are  found  in  elevated 
flitttatkms,  the  springs  that  supply  them  must  run  from  some 
higher  hills  in  the  neighbourhood. 

QUESTIONS  FOB  EXAIONATION. 


Can  jon  eiqilain  the  experiment  ez- 
IrfUted  hj  Hg.  18?— WbAt  general 
ntek  dednDiUe  firom  thli  experiment? 
— In  what  port  of  the  tide  of  a  reasel 
ahoold  a  pipe  be  placed,  in  order  that 
the  laid  rtioiild  epout  the  farthest  poe- 
riUe?  —  Can  yon  fdaoe  two  other  pipes 
which  shall  spout  to  equal  distances  ? — 
To  what  angle  must  a  cannon  be  ele- 
vated to  project  a  ball  the  Airthest 
possible  ?  —  Why  will  not  ¥rater  rise  so 
high  in  a  Jet  as  a  tube ?—  Will  water 
Ib  a  pipe,  or  in  the  open  air,  as  in  a 


foontain,  rise  the  highest? — Istikvi 
any  other  cause  besides  the  resistance 
of  the  air  that  presents  a  stream  ftvrn 
a  fountain  rising  as  high  as  the  head  of 
the  water  fW>m  urtiich  it  proceeds  ?  — 
How  is  London  supplied  with  water 
fh>m  the  New-river  ?  —  How  must  the 
reservoir  which  is  called  the  New-river 
Head  bo  situated  ?  —  Can  water  be 
carried  to  any  distance? — For  what 
reason  is  it  necessary  that  the  f^pes 
should  be  made  xety  strong  if  they  are 
carried  down  in  deep  vaUies  ? 
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UP   THE    SPECIFIC    GEAVITIES   OP   BODIES. 

Emma,  What  is  the  reason,  Papa,  that  some  bodies,  such 
as  lead  or  iron,  if  thrown  into  the  water,  sink,  while  others 
will  swim? 

Fa,  Because  s<Mne  bodies  are  heavier  and  some  lighter  than 
water. 

Em,  I  do  not  quite  comprehend  that.  A  pound  of  wood, 
another  of  water,  and  anotiier  of  lead,  are  all  equally  heavy, 
as  I  was  told  the  other  day,  when  Charles  played  me  a  trick. 
You  recollect  that  he  suddenly  asked  me  which  was  the 
heavier  of  the  two,  a  pound  of  lead  or  a  pound  of  feathers. 
I  said  the  lead,  and  you  all  laughed  at  me:  by  which  I  was 
convinced  that  a  pound,  or  16  ounces  of  any  substance  what- 
ever, must  be  always  equal  to  the  same  weight  of  any  other. 

Fa,  You  are  not  the  first  person  deceived  by  this  questioa; 


Etna  wmmon  trick.  Although  a  pouud  of  lead  and  oaother 
oC  water  be  equally  heavy,  yet  they  are  not  of  equal  magni- 
tudes.    Do  yoii  know  liow  much  water  weigha  a  pound? 

Ch.  Yes;  about  a  pint. 

Fa.  Do  you  thiuk  that,  if  I  were  to  fill  the  eame  pint  mea- 
sure with  lead,  it  would  then  weigh  no  more  tlian  a  pound? 

Ch.  CeTtaioly  not.  Papa.  That  would  weigh  a  great  denl 
inor&  I  do  not  1>elieve  that  the  14  pound  weight  we  have 
is  much  larger  than  a  pint  measure. 

Fa.  Yes,  it  is,  by  about  a  fourth  part.  The  same  measure 
that  cmtains  one  pound  of  water,  would  however  eoatain  about 
11  pounds  of  lead;  but  it  wonld  contain  14  pounds  of  quick- 
eilver,  whieh,  you  know,  I  could  pour  into  the  veiisel  hs 
readily  aa  if  it  were  water. 

Here  are  two  cups  of  equal  biie.  Fill  one  with  water,  and 
I  will  fill  the  other  with  quicksilver.  Now  take  the  cup9  ia 
your  band,  and  tell  me  which  is  heaviest. 

Ch,  The  quicksilver  is  considerably  heavier. 

Fa.  The  cups,  however,  are  of  equal  size. 

Em.  Then  there  must  be  equal  quantities  of  water  and 
quicksilver. 

Fa.  They  are  equal  in  bulk. 

Ch.  But  very  unequal  in  weight.  Shall  I  try  how  much 
heavier  the  one  is  than  the  other? 

Fa.  If  you  like.  In  what  nmnner  will  you  ascertiuD  the 
fact? 

Ch.  I  will  carefiilly  weigh  the 
ing  the  larger  weight  by  the  smaller,  I  shall 
times  heavier  the  quiclunlver  is  than  the  water. 

Fa,  You  will  not  succeed  accurately  l>y  that  means;  be- 
cause the  wei^t  of  the  cups  is  probably  equal;  but  by  this 
method  they  ought  to  differ  in  weight  in  the  same  pn^forlioit 
u  the  two  Mibstanocs. 

Em.  Then  pour  the  quicksilver  first  into  the  scale,  and 
weigh  it:  afterwards,  do  the  same  with  the  water,  and  divide 
the  former  by  the  latter.     Will  not  tliat  give  the  result? 

Fa,  Yes.     You  may  niso  make  the  experiment  thus: 

Here  is  a  small  phial,  ttuit  weighs,  now  it  is  empty,  an 
ounce;  when  filW  with  pure  rain  water,  the  weight  o£  tha 
whole  wiU  be  tivo  ounces.      Weigh  it,  and  eoiivince  yoursd^ 

CIt.  I  £ad  tliat  it  tkwa:  the  water  weighing  one  ouaoea 
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Fa,  Now  pour  out  the  water,  and  let  the  phial  be  well 
dried  both  within  and  without.  Then  fill  it  very  accurately 
with  quicksilver,  and  weigh  it  again. 

Em,  It  weighs  a  little  more  than  15  ounces:  but,  as  the 
bottle  weighs  one  ounce,  the  quicksilver  weighs  something 
more  than  14  ounces. 

Fa,  What  do  you  infer  £5pom  this,  Charles  '^ 

Ch,  That  the  quicksilver  is  more  than  14  times  heavier 
than  water. 

Fa,  I  will  now  pour  away  the  quicksilver,  and  fill  the 
phial  with  pure  spirit  of  wine,  or,  as  the  chemists  call  it» 
alcohol^  an  Arabic  term  signifying  the  spirit^  by  which  is 
implied,  spirit  as  highly  rectified  as  possible. 

Em,  It  does  not  weigh  two  ounces :  now,  consequently,  the 
fluid  does  not  weigh  an  ounce.  The  alcohol^  therefore,  is 
lighter  than  water. 

Fa,  By  these  means,  which  you  cannot  fail  of  understand- 
ing, we  have  obtained  the  comparative  weights  of  three  fluids. 
Philosophers,  as  I  have  before  told  you,  call  these  compara- 
tive weights,  the  specijic  gravities  of  the  fluids:  they  have 
agreed  also  to  make  pure  rain,  or  distilled  water,  at  a  givea 
temperature,  the  standard  to  which  they  refer  the  compara- 
tive weights  of  all  other  bodies,  whether  solid  or  fluid. 

Ch,  Is  there  any  particular  reason  why  they  prefer  water 
to  every  other  substance? 

Fa.  I  told  you,  a  few  days  ago,  that  water,  if  very  pure, 
is  of  the  same  weight  in  all  parts  of  the  world:  and,  what  is 
very  remarkable,  a  cubic  foot  of  water  weighs  exactly  a 
thousand  ounces  avoirdupois.  On  these  accounts  it  is  ado- 
rably adapted  for  a  standard;  because  you  can  at  once  tell  the 
weight  of  a  cubic  foot  of  any  other  substance  if  you  know  its 
specific  gravity. 

Em,  A  cubic  foot  of  quicksilver  weighs  therefore  14,000 
ounces. 

Fa,  Yes;  and  lead  is  eleven  times  heavier  than  water,  so 
that  a  cubic  foot  of  it  will  weigh  11,000  ounces.  In  Eng- 
land the  temperature  is  usually  taken  at  62°  of  Fahrenheit's 
scale;  tlie  French  take  it  at  32°,  or  that  of  melting  ice;  and 
sometimes  at  the  temperature  at  which  its  density  is  the 
greatest,  viz.  about  39*4°  of  Fahrenheit.  This  latter  is 
esteemed  the  most  convenient,  in  being  more  easily  main- 


without  variations;  for  the  temperature  of  62°  is  cow- 
tuinftll^  eipo8t(l  to  the  fluctuations  of  the  temperature  of  the 
air.  It  is  only  when  great  precieion  is  required  that  much 
•ttentioii  ia  paid  to  the  particulai'  tempemture  of  the  water; 
nd  then  some  correcting  influence  can  be  applied  dependem, 
on  the  known  density  of  the  water  at  the  different  degrees  of 
the  thermometric  scale. 

QDESTIOSS  FOE  EXASUXATIOS. 

Why  do  iMU!  bodln  nrim  and  ollien  '  biivler  thin  \nlec?  —  Compare  now 
idiik?  —  Do  apitl  wElghii  of  dltTerent  ehcweiEtitoTiilcobol  vlthlliatarwiia-. 
wtwUiM*!  omupj  equal  fpmea  ?^How  — What  an 
woata  7«i  gel  at  tJie  wdebu  accunilety  o[  bodied  called  t—It  i 
tftwotqqalqmuitlliMofauld?— How     heavj  oferprh 


CONVERSATION  XI. 

OF   THE   SPECIFIC   GKiVITIEfl   OF   BODIES. 

Father.  Before  we  enter  upon  the  methods  of  obtaining  the 
apeciflc  gravities  of  different  bodies,  it  will  be  right  to  pve- 
nise  a  few  particulars,  which  should  be  well  understood. 

<u  understand  that  the  specific  gravity  of  diifei'eDt  bodies 
depends  upon  the  different  quantities  of  matter  whicli  equal 
bulks  of  these  bodies  contain. 

Ch,  As  the  momentum*  of  different  bodies  is  estimated  by 
^  quantity  of  matter  when  the  velocity  is  the  Bamcj  bo  the 
";  gravity  of  bodies  is  estimalcd  by  the  quantities  of 
J*  when  the  bulks  or  magnitudes  are  the  same.  This,  I 
Relieve,  is  what  you  mean. 

Fa,  Yee:  if  you  weigh  a  piece  of  wood,  and  a  piece  of  lead, 
]x>tb  exactly  equal  in  size  to  a  copper  penny-piece,  the  former 
.irill  be  found  lighter,  and  the  latter  considerably  heavier, 
"ban  the  copper. 

Ch.  And,  therefore,  I  should  say  tliat  the  spcciflc  gravity 
of  tlic  wood  is  leas  than  that  of  the  copper;  and  that  of  the 
"lB«d  greater. 

£m.  Is  it  the  densih/  therefore  that  constitutes  the  specific 
gravity? 

Fa.    Undoubtedly  it  is:  and,  as  we  observed  yesterday, 

•  8ee  MeuIianlM,  Omveriatlon  VI. 
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water  is  emplojed  ms  a  medium  to  discover  the  difierent 
cific  gravities  of  difierent  bodies;  and  is  also  a  standard  tD 
which  thej  may  be  all  referred. 

Here  are  three  pieces  of  different  kinds  of  wood,  which  I 
will  pot  into  this  vessel  of  water:  one  sinks  to  the  bottom;  a 
second  remains  in  anj  position  in  the  water  where  it  is  placed; 
and  the  third  swims  on  the  water,  with  mcMre  than  half  of  tho 
substance  above  its  surface. 

Ch,  The  first,  then,  is  heavier  than  the  water;  the  second 
is  of  the  same  weight  with  an  equal  bulk  of  the  fluid;  and  the 
third  is  lighter. 

Fa,  Since  fluids  press  in  all  directions,  a  solid  immersed  ia 
water  sustains  a  pressure  on  all  sides,  which  is  increased  ii^ 
proportion  to  the  height  of  the  fluid  above  the  solid. 

Em.  That  seems  natural;  but  an  experiment  would  fix  it 
better  in  the  mind. 

Fa,  Well  then;  tie  a  leathern  bag  (fig.  8)  to  the  end  of  a 
glass  tube,  and  pour  in  some  quicksilver.  Dip  the  bag  in 
water,  and  the  upward  pressure  of  the  fluid  will  raise  the 
quicksilver  in  the  tube;  the  ascent  of  which  wiU  be  higher  or 
lower,  in  proportion  to  the  height  of  the  water  above  the 
bag. 

Em,  I  now  understand  that  the  upper  part  of  the  tube 
being  empty,  or,  at  least,  only  filled  with  air,  the  upward  pres* 
sure  of  the  water  against  the  bag  must  be  greater  than  the 
downward  pressure  of  the  air;  and  that,  as  the  pressure  in- 
creases according  to  the  depth,  so  the  mercury  must  keep 
rising  in  the  tube. 

What  is  the  reason  that  a  body  heavier  than  water,  such  as 
a  stone,  sinks  to  the  bottom,  if  the  pressure  upward  is  always 
equal  to  that  downward? 

Fa,  This  is  a  very  proper  question.  The  stone  endeavours 
to  descend  by  the  force  of  gravity:  but  it  cannot  descend 
vrithout  moving  away  as  much  of  the  water  as  is  equal  to  the 
bulk  of  the  stone;  therefore  it  is  resisted,  or  pressed  upwards, 
by  a  force  equal  to  the  weight  of  as  much  water  as  is  equal  in 
magnitude  to  the  bulk  of  the  stone:  but  the  weight  of  the 
water  is  less  than  that  of  the  stone;  consequently  the  foree, 
pressing  against  it  upwards,  is  less  than  its  tendency  down- 
wards: and  therefore  it  will  sink  wtth  the  difftrenet  of  these 
two  forces. 


SPECIFIC    CRAVITlliS.  243 

Too  will  now,  I  should  ihiok,  be  st  no  loss  to  understand 

B  reuvti  why  bodies  lighter  than  water  swim. 

Ch.  The  water  being  heavier,  (he  tbrcc  upwards  is  greater 

kn  th«  Ddtnral  gravitj  of  the  body;  and  it  will  be  buoyed 

I  by  the  difference  of  tlie  forces. 

Fa.  Bodies  of  this  kind,  then,  will  sink  in  water,  till  so 
bdch  of  them  is  beJow  the  surface,  that  n  bulk  of  water  eqiml 
to  the  bulk  of  the  part  of  the  body  which  is  below  tlie  surfacti 
h  of  a  weight  eqiisJ  to  the  weight  of  the  whole  body. 

£m.  Will  you  explain  thia  more  particularly? 

Fa.  Suppose  the  boiiy  to  be  a  piece  of  wood,  part  of  which 
Vrill  be  airave  and  part  below  the  surface  of  the  water:  in 

\s  state  conceive  the  wood  to  be  frozen  in  the  water. 

Ch.  I  suppose  that  if  the  wood  be  taken  out  of  the  ice,  a 

cuity  will  be  leA,  and  the  quantity  of  water  that  is  required 
to  fill  that  vacuity  will  weigh  as  much  as  the  whole  snbstanca 
■"*  die  wood. 

Fa.  Exactly  so. 

There  is  one  case  renuuning.     Where  equal  bulks  of  water 

id  woo<l  are  of  the  same  weight,  the  force  with  which  the 
irood  endeaTours  to  descend,  and  the  foree  that  opposes  it, 
A^ng  equal  to  one  another,  and  acting  in  contrary  directions, 
the  body  will  rest  between  them,  so  as  neither  to  sink  by  its 
Inra  weight,  nor  to  ascend  by  the  upper  pressure  of  the  water. 

£»!.  What  is  the  meaning  of  this  glass  jar  with  little 


I  placed  it  on  the  table,  in  order  to  illostrate 
r  jtnbject  to-day.  You  obseiwe  that,  by  pressing 
e  Madder  with  my  hand,  the  three  figures  sink. 
fin.  Bat  not  at  the  same  moment. 
Fa.  The  figures  are  made  of  glass,  and  liave  the 
vie  specific  grvvity  as  the  water  surrounding  them,  > 
r  po'hape,  rather  less;  and,  consequently,  they  all  k^ 
^Bt  sear  the  surface.  They  are  hollow,  with  little  t.^ 
des  in  the  feet.  When  the  air  which  lies  between  *''«■  "■  • 
le  bladder  and  the  surface  of  the  water  is  pressed  by  my 
ind,  there  is  a  pressure  on  the  water,  which  is  coDimunicated 
hrougli  it;  and  tluit  port  of  it  which  lies  contiguous  to  the 
*Bet  of  the  images  will  be  forced  into  their  bodies;  hy  which 
hair  weight  ia  so  much  increased  as  to  render  them  heavier 
hiB  ttM  water,  and  therelbre  they  descend. 
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Ch,  Why  d^  they  not  all  descend  to  the  same  depth? 

Fa,  Because  the  hollow  part  of  the  figure  e  is  larger  than 
the  hollow  part  of  d;  and  that  is  larger  than  that  of  c:  conse- 
quently, the  same  pressure  will  force  more  water  into  e  than 
into  D,  and  ihore  into  d  than  into  c. 

Em,  Why  do  they  begin  to  ascend  now  you  have  taken 
your  hand  away? 

Fa.  I  told  you  that  the  hollow  parts  of  the  figures  were 
empty,  which  was  not  quite  correct;  they  were  full  of  air, 
which,  as  it  could  not  escape,  was  compressed  into  a  smaller 
space  when  the  water  was  forced  in  by  the  pressure  upon  the 
bladder:  but,  as  soon  as  the  pressure  is  removed,  the  air  in  the 
figures  expands,  drives  out  the  water,  and  they  become  as 
light  as  at  first,  and  will  therefore  rise  to  the  suHace. 

Ch,  The  figures,  I  observed,  in  rising  up  to  the  surface, 
turned  round:  how  is  this.  Papa? 

Fa,  This  circular  motion  is  in  consequence  of  the  hole 
being  on  one  side;  and  when  the  pressure  is  taken  oif,  the 
water,  issuing  out  quickly,  is  resisted  by  the  water  in  the 
vessel,  and  the  reaction,  being  exerted  on  one  foot,  turns  the 
figure  round. 

Ch.  How  is  the  specific  gravity  of  difierent  substances 
most  readily  to  be  ascertained,  Papa? 

Fa,  The  specific  gravity  of  a  solid  substance  as  compared 
with  that  of  a  liquid  is  to  be  ascertained  by  weighing  an  equal 
bulk  of  each.  But  this  operation  being  extremely  difficult, 
since  it  requires  the  substances  to  be  compared  to  be  formed 
accurately  into  the  same  shape  and  size;  and  as  many  indeed 
cannot  be  changed  as  to  their  shape  without  destroying 
their  value,  and  so  cannot  be  compared  at  aU,  as  diamonds, 
precious  stones,  crystals,  certain  metallic  ores,  and  many 
animal  and  vegetable  substances,  the  Hydrostatic  balance  has 
been  invented  upon  the  principles  above  explained,  which 
presents  the  most  easy  and  accurate  method  of  comparing  aU 
substances  whether  solid  or  fiuid;  but  this  shall  form  the 
subject  of  our  next  conversation,  when  I  hope  satisfactorily 
to  explain  it  to  you. 

QUESTIONS  FOR  EXAHINATIOK. 


Upon  what  do  the  specific  gravities 
of  diiTereDt  bodies  depend  ?  —  Make  the 
oomparison  between  equal  bulks  of  lead, 


copper,  and  wood. — What  then  oqb- 
stitutes  the  diflerenoe  in  the  apedfe 
grayities  of  bodies  ?  —  What  if  maiUy 
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bodlQi  [hat  ue  lighter  Ihui  wabn 

[|)i  three  piem  of  waal. 

In  that  nuld  ?  ~  Explain  tbia  ma- 

timidly.— IT.  1^™  of  wood,  tta 

imcned  in  a  fluid?—     dOc  gnvlt^  of  w] 
Utku  the  experinwnl  S-i  Kli  ibown  by  |  Ihnt  ot  wilcr.  be  plunl  In  x  •rewcl  01 
8.  «ipUiln iu  (irlndple  and  tbe  re-     (hit  fliKd.wbMtwilltKUweonKquenoer 

10  prewnre  npninl  ii  cqiul  to  ibe 
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Emma.  Pray,  Papa,  of  what  use  are  these  scales? 
Fa.  Tliey  ore  called  the  tijdrostiitic  ba-  r 

lance;   which  differs   but   little   from  the     {        7^^" 
Inlauce  in  common  use.    Some  instruments 
of  this  kind  ure  more  complicated;  but  the 
most  simple  are  best  adapted  to  iny  purpose. 

uobserye  that  tothe beam  two  sciile-[)!Liis  ' 
are  adjusted,  wliichmaj  be  taken  off  at  plea- 
Bure.  There  isaJsoaootherpan,  a,  of  equal 
weight  with  one  of  the  others,  furuiahcd  with  shorter  striuga 
Old  a  small  hook,  so  that  any  body  may  be  hung  on  it,  and 
hen  immersed  in  the  vessel  of  water  B. 

Ch.  Is  it  by  meauf>  of  this  instrument  that  you  find  the 
specific  gravity  of  difierent  bodies  ? 
<       Fa.  It  is.  I  will  first  give  you  the  rule,  and  then  illustntte 
it  by  eitperimetit.     The  rule  should  be  eoinmitteil  to  me- 
mory. 

"  Weigh  the  body  first  in  air;  that  is,  in  the  common  way; 
then  weigh  it  in  water.  Observe  how  much  weight  it  loses 
iby  being  weighed  in  water;  and,  if  you  divide  the  former 
'-'Weight  by  the  loss  sustoined,  the  result  is,  its  specific  gravity 
^eompored  with  that  of  the  water." 

T  will  give  ynu  an  example.     Here  is  a  guinea:  it  weighs 

the  air  129  grains:  I  suspend  it  by  u  fine  thread  of  liorse- 

liair  to  the  hiNik  at  the  bottom  of  the  pan  a;  atid  you  see  tliat, 

hj  being  immersed  in  water,  it  weigha  only  121^  grains. 

Em.  Then,  in  the  water  it  has  lost  of  its  weight  7^  graina. 
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Fa.  Well:  now  divide  129  by  7^  or  raHiery  toiii  ibe  \ 

into  decimals,  and  divide  bj  7*25. 

Ck.  But  I  muBt  first  add  two  cyphers  to  the  129  graias; 
because  there  must  always  be  as  many  decimals  in  the  divi- 
dend aB  there  are  in  the  divisor.  And  129'(X)  divided  bj 
7 '25  gives  for  the  quotient  more  than  17. 

Fa.  The  gold  is  therefore  more  than  17  times  heavier  tluui 
water. 

Em.  I  do  not  understand  the  reason  of  this. 

Fa.  Do  you  not?  Well,  we  will  attempt  another  elucida- 
tion. In  tills  scale  is  a  basin,  filled  accurately  to  the  bnm  with 
water.  I  now  put  a  piece  of  mahogany  into  it  very  gently; 
although  anything  else  would  answer  the  same  purpose. 

Em.  The  water  runs  over  into  the  scale,  I  perceive. 

Fa.  Yes,  as  I  expected;  now  wait  a  moment,  and  yoa  will 
find  cverjTthing  at  rest,  and  the  basin  quite  as  full  as  it  was 
at  first,  except  that  the  wood  and  water  together  fill  the 
basin ;  whereas  it  was  all  water  before.  I  will  now  take  away 
the  basin,  and  put  the  mahogany  by  itself  into  th«  other  scale. 

Em.  It  bahmces  the  water  tliat  ran  out  of  the  basin. 

Ch.  The  mahogany  therefore  displaced  a  quantity  of  water 
equal  to  itself  in  weight. 

Fa.  And  so  did  the  guinea  just  now;  and  if  you  had  taken 
the  same  precaution,  you  would  have  found  that  the  quantity 
of  water  equal  in  bulk  to  the  guinea  weighed  7^  grains^  tlM 
weight  which  it  lost  by  being  weighed  in  the  fluid. 

Em.  Am  I  to  understand  that  what  any  substance  loses  of 
its  weight,  by  being  immersed  in  water,  is  equal  to  the 
weight  of  a  quantity  of  water  of  the  same  bulk  as  the  sub- 
stance itself? 

Fa.  Yes;  if  the  body  be  wholly  immersed  in  water:  and 
with  regard  to  all  substances  that  are  specifically  heavier  than 
water,  you  may  take  it  as  an  axiom,  that  "  every  body  when 
immersed  in  water,  loses  as  much  of  its  weight  as  is  equal  to 
the  weight  of  a  bulk  of  water  of  the  same  magnitude.** 

I  will  now  place  this  empty  box  on  the  basin  filled  to  the 
edge  with  water,  and,  aa  before,  it  drives  over  a  quantity  of 
the  fluid  equal  in  weight  to  itself.  Put  in  two  penny-piecei» 
and  you  will-perceive  the  box  sink  deeper  into  the  water. 

Ch.  Yes;  and  they  drive  more  water  over:  as  mndbi,  I 
anppose^  aB  is  equal  in  weight  to  the  copper  coins. 
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Fn.  ToTi  are  right.  Now,  can  you  tell  me  how  long  you 
eoiild  go  no  tcailing  tlie  bos? 

Ch.  Till  the  weight  of  the  copper  dud  box,  taken  together, 
B  something  greater  thtui  the  weight  of  as  much  WKter  as  is 
equtd  in  balk  to  the  box. 

Fa.  You  untlerstaiid,  ihoo,  the  reason  why  boats,  barges, 
•nd  other  vessels,  swim  on  water;  and  to  what  extent  you 
may  load  them  with  safely. 

Em.  They  will  swim  so  long  as  the  weight  of  the  veiael 
ind  ila  lading  together  is  Icsstlian  that  of  a  quantity  of  watar 
equal  in  bulk  to  the  resseL 

Fa.  Certainly;  can  you,  Charles,  devise  any  method  \a 
Blake  iron  ch'  lead  swim,  although  tbey  are  so  much  heavier 
Imo  water? 

Ch.  I  think  I  can.  If  the  metal  be  beaten  out  very  thin, 
tod  the  edges  turned  up,  I  can  easily  conceive  that  a  box  or  a 
boat  furmed  of  it  may  be  made  to  swim.  Of  this  kind  is  the 
copper  ball,  which  \s  contrived  to  turn  off  the  water  when  the 
iislern  is  fuU. 
Em.  I  have  often  wondered  how  that  operates. 
Fa.  If,  upon  reflection,  you  could  not  satisfy  yourself  about 
the  mode  of  its  acting,  you  should  have  asked,  my  dear  child. 
's  better  to  get  information  from  nnotber  than  to  remain 
,%norant. 

Thi,  boll,  though  made  of  copper,  which  is  eight  or  nine 
ames  heavier  than  water,  is  beaten  out  so  tliiu,  that  ita  bulk 
IS  much  lighter  than  an  equal  bulk  of  water.  By  means  of  a 
handle  it  is  fastened  to  the  cock,  through  which  the  water 
lows:  and,  as  it  sinks  orrises,  it  opens  or  8huts  tlie  cock. 

If  the  cistern  is  empty,  tlie  ball  hangs  down,  and  the  cock 
■  open,  to  admit  a  supply  of  water  freely:  as  the  water  rises 
K  the  cittern,  it  reaches  the  ball,  which,  being  lighter  than 
Ve  water,  rises  with  it,  and,  by  lising,  gradually  shuts  the 
cock ;  and,  if  it  be  properly  placed,  it  b  contrived  to  shut  the 
cock  just  at  the  moment  tliat  the  cistern  is  full. 

On  the  same  principle,  boats  uf  iron  are  now  conatnictcd. 
Tliey  will  last  longer  than  wood,  and  cause  less  friction  in 
passing  through  the  water. 

I  will  now  give  you  a  few  examples  to  exercise  your  know- 
led^  of  ttiis  Buhject.     Can  you,    £mina,  find  the  epecifie 
_  pvvity  of  this  piece  of  silver? 
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Em.  It  weighs  in  air  318  grains.  I  now  fasten  it  to  the 
hook  with  the  horse-hair,  and  it  weighs  in  water  288  grainfl^ 
which,  taken  from  318,  leave  30,  the  weight  it  lost  in  water. 
Bj  dividing  318  hj  30,  the  quotient  is  about  10^;  conse* 
quentlj  the  specific  gravity  of  the  silver  is  ten  and  a  half 
times  greater  than  that  of  water. 

Fa.  What  is  the  specific  gravity  of  this  piece  of  glass  ?  It 
weighs  12  penny-weights  in  air. 

Uh,  In  water  it  weighs  only  8,  losing,  consequently,  4  by 
immersion:  and  12  divided  by  4  gives  3;  therefore  the 
specific  gravity  of  glass  is  3  times  greater  than  that  of 
water. 

Fa.  True;  but  bear  in  mind,  that  this  is  not  the  case  with 
all  kinds  of  glass:  for  the  specific  gravity  of  glass  varies  froa^ 
2  to  almost  4. 

Here  is  an  ounce  of  quicksilver;  tell  me  its  specific  gravity 
by  the  method  we  have  been  considering. 

Em,  How  is  that  to  be  managed,  Papa?  for  we  cannot 
hang  it  upon  the  balance. 

Fa.  But  you  may  suspend  this  glass  bucket  on  the 
book  at  the  bottom  of  a.  Immerse  it  in  the  water, 
and  then  balance  it  exactly  with  weights  in  the  oppo- 
site scale. 

I  will  now  put  into  the  bucket  the  ounce,  or  480 
grains,  of  quicksilver,  and  see  how  much  it  loses  in 
water. 

Ch.  It  weighs  445  grains;  and  consequently  it  lost 
35  grains  by  immersion:  and  480  divided  by  35  give    *'  '^* 
almost  14;  so  that  mercury  is  nearly  14  times  heavier  than 
water. 

Fa,  In  the  same  manner  we  obtain  the  specific  gravity  of 
all  bodies  that  consist  of  small  fragments.  They  must  be  put 
into  the  glass  bucket  and  weighed;  and  then,  if  from  the 
weight  of  the  bucket  and  body  in  the  fluid  you  subtract  the 
weight  of  the  bucket,  there  remains  the  weight  of  the  body 
in  the  fluid. 

Em.  Why  do  you  make  use  of  horse-hair  to  suspend  the 
substances?     Would  not  silk  or  thread  do  as  well? 

Fa.  Horse-hair  is  by  far  the  best;  for  it  is  very  nearly  of 
the  specific  gravity  of  water;  and  its  substance  is  of  such  a 
nature  as  not  to  imbibe  moisture. 
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Em.  How  wonid  jou  ascertain,  Papa,  the  specific  gravity 
of  sabatances  lighter  than  water? 

Fa.  Upon  the  same  principles  and  with  the  same  iDstru- 
ment;  but  thej  must  be  fixed  to  a  ?tiff  pin  attached  to  the 
bottom  of  one  scale,  the  scales  being  counterpoised  before  the 
pin  is  plunged  into  the  water,  or  by  loading  tlie  substance 
with  a  weight  heavier  than  waler,  and  allowance  made  for  the 
difference  of  its  weight  in  air  and  water;  but  we  will  advL-r* 
to  this  more  at  large  in  our  nest  conversation, 

QUESTIONS  FOR  EXASiraATION. 
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CONVERSATION  Xin. 

OF  THE   METHODS   C 

Charles.  1  have  endeavoured  to  find  out  the  specific  gravity 
of  this  piece  of  beech-wood;  but,  as  it  will  not  sink  in  the 
water,  I  know  not  how  to  do  it. 

fa.  It  is  true  that  we  have  hitherto  only  given  rules  for 
the  finding  of  the  specific  gravity  of  bodies  heavier  than 
water:  a  little  consideration,  however,  will  enable  you  to  dis- 
cover the  specific  gravity  of  the  beech,  Can  you  contrive 
meanB  to  sink  the  beech  in  the  water? 

CA.  Yes;  if  I  join  a  piece  of  lead,  or  other  metal,  to  the 
wood,  it  will  sink. 

Fa,  The  beech  I  find  weighs  660  grains  in  the  air.  I  will 
attach  to  it  an  ounce,  or  480  grains  of  tin,  which  in  water 
loses  51  grains  of  its  weight.  In  air  the  weight  of  the  wood 
and  metal,  taken  together,  ia  1 140  grains;  but  in  nnler  they 
weigh  but  138  grains;  138  taken  from  1 140  leava  1002,  the 
difference  between  the  weights  in  air  and  in  water. 
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Oi.  I  now  see  the  means  of  finding  what  I  want.  The 
whole  mass  loses  1002  grains  hj  immemon,  and  the  tii^  bj 
itself,  lost  in  water  51  grains:  therefore  the  wood  lost  961 
grains  of  its  weight  by  immersion:  and  660  grains,  the 
weight  of  the  beech  in  air,  divided  bj  95 1»  which  it  maj  be 
said  to  lose  bj  immersion,  leaves  in  decimals,  for  a  quotient 
•694. 

Fa,  Therefore,  making  watar  the  standard  equal  to  1, 
the  beech  is  *694,  or  nearly  i^ths  of  1 :  that  is,  a  cubie  foot 
of  water  is  to  a  cubic  foot  of  beech  as  1000  to  694;  for  the 
one  weighs  1000  ounces,  and  the  other  694  ounces. 

Em,  It  seems  strange  that  a  piece  of  wood  weighing  but 
660  grains  in  air,  should  lose  of  its  weight  951  grains. 

Fa,  You  must,  in  this  case,  consider  the  weight  necessarj 
to  make  it  sink  in  water;  which  must  be  added  to  the  wdght 
of  the  wood. 

I  will  now  endeavour  to  make  the  subject  easier  hj  a 
different  method. 

This  small  piece  of  elm  I  will  place  between  the  little 
tongs,  which  are  nicely  balanced  on  the  beam,  fig.  20. 
The  elm  weighs  36  grains.  To  detain  it  under  water, 
I  must  hang  24  grains  to  the  end  of  the  lever  on 
which  the  tongs  are  fixed:  then,  by  the  rule  of  three, 
I  say — as  the  specific  gravity  of  the  elm  is  to  the 
specific  gravity  of  water,  so  is  36,  the  weight  of  the  Fig.  22. 
elm,  to  60,  the  weight  of  the  elm  and  the  additional  weight 
required  to  sink  it  in  water,  or  as  60  :  36  : :  S.  G.  W  :  S.  G.E, 

Em,  You  have  not  obtained  the  specific  gravity  of  the  elm, 
but  only  a  portion  of  it. 

Ch.  But  three  terms  are  given;  because  the  water  is 
always  considered  as   unity,    or   1;    therefore  the  specific 

gravity  of  the  elm  is =  '6. 

60 

Em,  I  do  not  yet  comprehend  the  reason  of  the  proportion 
assumed. 

Fa,  It  is  very  simple.  The  elm  is  lighter  than  the  water; 
but,  by  hanging  weights  to  the  side  of  the  balance,  to  which 
it  is  attached  in  order  to  detain  it  just  under  water,  I  make 
the  whole  exactly  equal  to  the  specific  gravity  of  the  water, 
by  thus  making  it  evident  that  the  comparative  gravity  of  the 
elm  is  to  that  of  the  water  as  36  to  60. 


SPECIFIC   GBAVrriES. 


251 


IV;  this  piece  of  cork  in  the  same  imuincr. 

Em.  It  wdghs  ^  an  oance,  or  240  gritins,  in  air;  and  to 
^tuin  the  cork  and  trings  just  under  water,  I  am  obliged  to 
bang  2  ounces,  or  960  grainii,  oi'  lead  oa  tlie  lever:  therefore 
the  specific  gmvily  of  the  cork  is  to  that  of  the  water  as  240 
is  to  1200;  and  240  divided  by  1200  give  the  decimal  -2. 

Fa.  Then  the  specific  gravity  of  water  is  5  times  greater 
than  that  of  cork. 

Ch.  We  have  now  obtained  the  specific  gravities  of  water, 
beech,  elm,  and  cork,  which  are  as  1,  '7,  nearly  '6  and  -2. 

Fa.  You  now  undersbind  tbc  methods  of  obtaining  the 
jpedfic  gravity  of  nil  solids,  whether  lighter  or  heavier  than 
Vatcr.  In  making  exjierimenla  npoo.  light  and  piirous  woods, 
llie  operations  most  be  performed  as  quickly  as  possible,  to 
prevent  liie  water  from  getting  into  the  pores. 

Ch.  And  you  have  likewise  shown  us  a  method  of  getting 
the  specific  gravity  of  fluids,  by  weighing  certain  quantities 
«f  each. 

Fa.  I  bftve  a  still  better  method.  The  mle  I  will  give  in 
words:  which  you  shall  illnstrale  by  examples. 

"  li'  the  saniB  body  l>e  weighed  in  different  fluids,  the 
*'  specific  gravity  of  the  fluids  will  be  us  the  weights  loet." 

Em.  The  body  made  use  of,  then,  must  be  heavier  than 
the  fluids. 

Fa.  Certainly;  this  glass  biill  loses  of  its  weight,  by  im- 
mersion in  wal^r,  803  grains;  in  milk  it  loses  ti31  gruns; 
tiierelbre  the  specific  gravity  oftJie  water  is  to  that  of  milk 
SB  803  to  831.  Now,  a  cubic  foot  of  water  weighs  1000 
ounces.  What  will  be  the  weight  of  the  same  quantity  of 
milk? 

1000x831 


Em.  As  8 


:  831  :  :  1000  :  - 


803 


■-  1035    oimces 


nearly. 

Fa.  Now,  Charles,  tell  me  the  specific  gravity  of  the  spirit 
of  wine  I  have  here. 

Ck.  The  glass  loses  in  water  803  grains;  in  the  spirit  of 
wine  it  loses  699  grains;  therefore  the  specific  gravis  of 
vater  \a  to  the  spirit  ils  603  is  to  699;  and  to  find  the  weight 
<rf  a  cubic  foot  of  the  spirit,  I  say,  as  803  :  699  : :  1000 : 
i0O0x699 


=  870  o 
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Fa.  You  may  now  deduce  the  method  of  comparing  the 
specific  gravities  of  solids  one  with  another,  without  making 
a  common  standard. 

Hei'e  is  an  ounce  of  lead  and  another  of  tin:  I  may  weigh 
them  in  any  fluid  whatever.  In  water  the  lead  loses  by  im* 
mersion  42  grains,  and  the  tin  63  grains. 

£m.  Is  the  specific  gravity  of  the  lead  to  that  of  the  tin  as 
42  to  63? 

la.  No:  "the  specific  gravities  of  bodies  are  to  one 
another  inversely  as  the  losses  of  weight  sustained:"  therefore 
the  specific  gravity  of  the  lead  is  to  that  of  the  tin  as  63  to 
42;  or  if  a  block  of  lead  weigh  63  pounds,  the  same  sized 
block  of  tin  will  weigh  42  pounds  only. 

Ch,  I  think  I  see  the  reason  of  this:  the  heavier  the  body, 
the  less  it  loses  of  its  weight  by  immersion:  therefore,  of  two 
bodies  whose  absolute  weights  are  the  same  (that  is,  each 
weighing  an  ounce,  pound,  &c.)  the  one  which  loses  least  of  its 
weight  will  be  the  most  specifically  heavy. 

Fa.  Exactly  so;  for  the  specific  gravity  of  bodies  is  as 
their  density,  and  their  densities  are  inversely  as  the  weights 
they  lose  by  immersion;  that  is,  the  body  that  is  most  dense 
will  lose  the  least  in  water. 

Ch.  How  are  the  specific  gravities  of  gaseous  fluids  esti- 
mated? 

Fa.  The  specific  gravities  of  gaseous  fluids  are  estimated 
in  terms  of  atmospheric  air,  as  other  substances  are  by  water. 
The  difference  between  the  weights  of  a  flask  when  exhausted 
of  air  by  means  of  the  air-pump,  and  when  filled  with  the  gas 
gives  the  weight  of  the  gas  which  it  contains:  but  experiments 
of  this  nature  require  great  caution,  for  they  are  considerably 
influenced  by  the  variations  of  the  temperature  and  pressure 
of  the  air. 
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How  can  I  find  the  specific  gravity 
of  bodi^  that  are  lighter  than  water  ? 
—  What  is  the  spedfio  gravity  of  a 
piece  of  beech-wood  that  weighs  660 
penny-weights,  to  which  when  a  piece 
of  metal  weighing  480  penny- weights 
It  annexed,  it  loses  by  being  immersed 
In  water  61  penny-wdghts?—  Explain 


the  mode  adopted  in  finding  the  spedUle 
gravity  of  a  piece  of  elm  or  other  wood 
by  means  of  fig.  22.  —  Make  the  ex- 
periment with  coric What  preoao- 

tions  are  necessary  in  making  the  ex- 
periments upon  porous  bodies?  —  It 
there  any  other  rule  for  finding  the  spe- 
cific gravity  of  fiuids  ?— Explain  this  bj 


■B  *i[p«fiiical  in  nier  and  n^lt  — 
piece  Df  gliu  plunged  In  wiltrr  lo 
tf  lU  wflght  «il8  grutm  i  bat  In  ipi 
•r  wine  il  loKt  osa  grains:  ivbal  i 
tte  ([wciSii  gmvilic*  of  tlie  two  Bult 


tndlo  obtain  their  epedao  gnviUes, 
anil  bow  it  it  done? — Arc  the  ipceifio 
grm?!liM  In  projioition  lo  tlie  witlghM 


CONVERSATION  XIV. 


Father.  Asl  have  shown  you,  my  dear  children,  the  methoda 
of  finding  the  Kpeciflc  gravity  of  ahiiost  all  kinds  of  bodies,  it 
will  be  proper  in  this  lesson,  and  one  or  two  others,  to  show 
you  the  practical  utility  of  this  part  of  science. 

Em.  To  whom  are  we  indebted  for  the  discovery  of  this 
tnode  of  performing  theae  operations? 

Fa.  To  that  most  celebrated  mathematician  of  antiquity, 
Archimedes,  who  found  that  a  solid  plunged  in  a  fluid  dis- 
places a  quantity  of  the  fluid  equal  to  its  biitk. 

Ch.  Waa  he  not  slain  by  a  common  soliiier,  at  the  siege  of 
Syracuse? 

Fa.  He  was;  to  the  great  gnef  of  Marcellus,  the  Komar. 
commander,  who  had  ordered  that  his  house  and  pcraon  should 
be  respected:  but  the  philosopher  was  too  deeply  engaged  in 
•olring  some  geometrical  inquiries  to  think  of  seeking  that 
protection  which  even  the  enemy  intended  for  him.  This 
was  upwards  of  200  years  b.  c. 

Em.  Had  he  then  so  high  a  reputation  as  to  induce  the 
general  of  a  besieging  army  to  give  particular  orders  for  his 
preservation? 

Fa.  His  celebrity  was  so  great  among  the  literati  of  Borne, 
that  his  tragical  end  caused  more  real  sorrow  tlion  the  capture 
of  the  whole  island  of  Sicily  caused  joy. 

We  are  informed  by  history  that  the  wisdom  of  Archimedes 
suspended  for  a  long  time  the  fate  of  Syracuse.  His  in- 
Tentions  destroyed  multitudes  of  the  Roman  army,  as  well  as 
their  ships:  and  it  is  added  that  he  made  u^^e  of  burning 
glasses,  which,  at  Ihe  distance  of  some  hundreds  of  yards,  set 
the  Roman  vessels  on  tire.* 


TUl  lulilcct  vlll  beeooildmd  men  11  luge  In  01 
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Bat  to  return  to  our  subject     To  Archiiiiedes  the  worid  is 
Indebted  for  the  discoverj,  *'  That  every  bodj  heavier  thaa  * 
its  bulk  of  water  loses  so  much  of  its  weight,  by  being  sus- 
pended in  water,  as  is  equal  to  the  weight  of  a  quantity  of 
water  equal  to  its  bulk." 

Em,  How  did  he  make  the  discovery? 

Fa,  Hiero,  king  of  Syracuse,  who  was  .the  friend  and 
patron  of  this  great  mathematician,  and  himself  an  eminent 
philosopher,  as  well  as  a  good  and  virtuous  prince,  had  given 
to  a  jeweller  a  certain  quantity  of  pure  gold,  to  ms^e  a  crown 
for  him.  The  monarch,  when  he  saw  the  crown,  suspected 
that  the  artist  had  kept  back  part  of  the  gold. 

Em.  Why  did  he  not  weigh  it? 

Fa.  He  did;  and  found  the  weight  right:  bathe  sospeeted, 
perhaps  from  the  colour  of  the  crown,  lliat  some  baser  metel 
had  been  mixed  with  the  gold,  and  therefore,  though  he  had 
his  weight,  yet  only  a  part  of  it  was  gold;  the  rest  silver  or 
copper.     He  applied  to  Archimedes  to  investigate  the  fraud. 

Ch.  Did  he  melt  the  crown,  and  endeavour  to  s^Murate  the 
metals? 

Fa,  No:  that  would  not  have  answered  Hiero's  intentions. 
His  object  was  to  detect  the  roguery,  if  any,  without  de- 
stroying the  workmanship.  However,  while  the  philosopher 
as  intent  upon  the  problem,  he  went,  according  to  his  custom, 
into  the  bath;  and  he  observed  that  a  quantity  of  water 
flowed  over,  which  he  thought  must  be  equal  to  the  bulk  of 
his  own  body.  He  instantly  conceived  the  means  of  satisfying 
Hiero's  doubts.  In  raptures  at  the  discovery,  he  is  said  to 
have  leapt  from  the  water  and  run  naked  through  the  streets 
of  the  city,  shouting  aloud  Eureca  I  Eureca  !  (Eopi^ica !  Evpiycal) 
"  I  have  found  it  out!"  "  I  have  found  it  out!" 

When  the  excess  of  his  joy  was  abated,  he  procured  two 
masses,  one  of  gold,  and  the  other  of  silver,  each  equal  in 
weight  to  the  crown;  and  having  filled  a  vessel  very  accurately 
with  water,  into  which  he  first  dipped  the  silver  mass,  and 
observed  the  quantity  of  water  that  flowed  over:  he  then  did 
the  same  with  the  gold,  and  found  that  the  quantity  of  water 
flowing  over  was  less  than  befcure. 

Ch,  And  from  these  trials  was  he  led  to  conclude  that  the 
bulk  of  the  silver  was  greater  than  that  of  the  gold? 

Fa.  He  was.     And  also  that  the  bulk  of  water  displaced 
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VM,iiieache]tperiment,e(]aalto  the  bulk  of  tbe  metal.  Ilellien 
pwie  tlie  same  trial  with  the  cronn,  and  foimd  tliat,  altlK>ugU 
of  tbe  Huae  wciglit  with  the  masses  of  silver  and  gold,  yet  it 
liisplaced  more  water  than  the  gold,  and  less  than  tLe  silver. 

Em.  Accordingly  he  concluded,  I  imagine,  tbat  it  was 
Beither  pure  gold,  nor  pure  silver. 

Ch.  But  how  could  he  discover  the  proportions  of  each 
netal? 

Fa.  I  believe  we  have  no  other  facts  to  carry  ns  further 
faita  the  history  of  this  interesting  experiment,  for  no  test  of 
this  kind  can  ever  be  accurate,  either  in  solids  or  tluid^,  unless 
we  ItATe  pireviously  ascertained  that  they  hiLve  undergone  by 
chemical  union  no  change  of  internal  structure;  fur  substances 
in  composition  very  frequently  have  a  different  specitic  gravity 
than  wbon  separate  and  distinct.  If,  however,  a  piece  of  gold 
has  an  internal  hollow  filled  with  silver,  tlie  jirocess  of 
weighing  in  water  would  readily  and  accurately  prove  the 
presence  of  the  two  metals:  but  were  they  melled  together, 
the  specific  gravity  of  the  compound  might  possibly  be  greatcj 
or  less  tlian  their  separate  gravities.  Again,  the  beat  or 
temperature  of  the  substances  at  the  time  of  the  esperiment 
tnust  be  taken  into  account;  for  beat  has  the  property  of  in- 
creasing the  bulk  of  all  bodies,  and  consequently  makes  ihem 
specifically  lighter,  from  the  same  quantity  of  matteT  filling  K 
larger  space;  and  because,  moreover,  difierent  substances  are 
expanderl  in  different  degrees  by  it  But  to-morrow  I  will 
oadeavour  to  ejcplain  and  illustrate  the  matter. 

IJI*EST10H3  FOE  EXAMIKATIOtT. 

Bj  irh«t  iitfuis  aod  bf  vbora  wm  I  [Tactical  potpoK  dJd  he  dj^y  hU  di^ 

Ute  mtOioi  of  ohtKining  the  apcciftc  cnvefT  ?  —  Cm  jon  in  yoar  own  WDrila 

gniTltlttofbodleictlsccrraTd?  —  Wbai  bricflj  expl^n  the  niDdu  adoplpd  hy 

'     '' s   axiom  deduced  from  the  dit-  ArchiipedcB  In  detecting  the  roguerj  or 

T    of  Archimeda?—  To  what  |  the  Sicilian ]«wellei? 


CONVEUSATION  XV. 

OF   T«B    METHODS   OF   ODTAINING   THE    SPECIFIC   GDAVITY 

Emma.  Yi>u  are  to  describe  to-day.  Papa,  the  method  of 
Aete^ng  tlwr  proportion  of  each  metal,  if  two  are  mixed 
iDgeAer  in  oms  mass. 
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Fa,  Well  then,  suppose  I  take  in  change  a  guinea,  which  I 
suspect  to  be  bad:  upon  trying  it,  I  find  it  weighs  129  gndns, 
which  is  the  standard  weight  of  a  guinea.  I  then  weigh  it 
in  water,  and  it  loses  of  its  weight  8^  grains,  bj  which  I 
divide  the  129,  ai^d  the  quotient  is  15*6,  the  specific  gravity 
of  the  guinea.  But  jou  know  the  specific  gravity  of  the  gold^ 
in  our  current  coin,  is  more  than  17;  and  therefore  I  com* 
dude  that  the  guinea  is  a  mixture  of  silver,  or  copper,  with 
standard  gold. 

Ch.  But  how  will  you  get  the  proportions  of  the  two 
metals? 

Fa.  Suppose,  for  example,  that  the  mass  be  a  compound  of 
silver  and  gold. — ^'  Compute  what  the  loss  of  a  mass  of 
standard  gold  would  be;  and  likewise  the  loss  which  a  mass 
of  silver,  equal  in  weight  to  the  guinea,  would  sustain.  Sob- 
tract  the  loss  of  the  gold  from  that  of  the  compound;  the  re- 
mainder is  the  ratio  or  proportion  (not  the  quantity)  of  the 
silver:  then  subtract  the  loss  of  the  compound  from  that  of 
the  silver;  the  remainder  is  the  proportion  of  the  gold."  I 
will  propose  you  an  example. 

What  are  the  proportions  of  silver  and  gold  in  a  guinea 
weighing  129  grains,  whose  specific  gravity  is  found  to  be 
only  13*09;  supposing  the  loss  of  standard  gold  7*25,  and  that 
of  a  piece  of  silver,  equal  in  weight  to  a  guinea,  12*45,  and 
the  loss  of  the  compound  9*85? 

Ch.  I  first  subtract  the  loss  of  standard  gold,  7*25,  from 
the  loss  of  the  compound  9*85;  the  remainder  is  2*6.  I  now 
take  the  loss  of  the  compound  9*85  from  that  sustained  by 
the  silver  12*45,  and  the  remainder  is  also  2*6. 

Fa,  Then  the  proportions  of  silver  and  gold  are  equal  to 
one  another:  consequently,  the  false  guinea  is  half  standard 
gold  and  half  silver. 

Here  is  another  counterfeit  guinea,  which  is  full  weight; 
but  I  know  that  it  is  composed  of  standard  gold  adulterated 
with  copper,  and  its  loss  in  water  is,  as  you  see,  8*64:  now 
tell  me  the  proportions  of  the  two  metals.  You  should,  how- 
ever, be  informed  that  a  piece  of  copper,  of  the  weight  of  a 
guinea,  would  lose  in  water  14*65  grains. 

Fm.  I  deduct  7*25  (the  loss  of  a  guinea  standard  gold) 
from  8*64;  the  remainder  is  1  *39.  I  now  take  the  loss  of  the 
compound  8*64  from  14*65  (the  loss  sustained  by  a  piece  of 
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copper  equal  in  weight  to  it  gumea)an<lthereniainderisG'0]. 
la  not  the  proportion  of  copper  to  gold  as  1-39  to  6'01? 

Fa.  Certainly.  Now,  by  the  rule -of- three,  tell  rae  the 
qu&otity  of  each  metal. 

Em.  To  find  the  weight  of  the  copper,  I  add  6-01  and  1'39 
together,  which  are  the  proportional  weights  of  the  two 
netalB;  and  say,  as  7'40,  theeura,  is  to  1'39  {the  proportional 
meight  of  copper)  so  is  the  weight  of  the  guiriea,  129  grains, 
to  the  Ttai  weight  of  eopper  contained  in   the   counterfeit 

Coinea;  hot — =  24'1;  therefore  there  is  little  more 

*  7-40 

than  24  grains  of  copper  in  the  compound. 

Fa.  You  have  found,  then,  that  there  are  24  grains  of  copper 
in  this  counterfeit  guinea.  How  will  you  find  the  weight  of 
the  gold? 

Em.  Very  easily:  for  if  the  composition  be  copper  and 
gold,  and  there  are  found  to  bo  24  grains  of  copper,  there 
must  be  105  of  gold. 

Ck.  I  have  a  question  to  propose.  Papa.  If,  by  chance, 
you  take  a  bad  guinea,  how  sho'uld  you  he  able  to  ascertain 
the  value  it  would  fetch  at  the  goldsmith's? 

Fa.  In  this  way;  a  piece  of  copper  of  equal  weight  with  a 
gnineo,  loses  of  its  weight  in  water  14*65  grains,  7*4  more  than 

lost  by  a  standard  guinea.     The  value  of  a  standard  guineft 

252  pence.  Divide  therefore  252  by  7-4,  and  you  get  34, 
the  number  of  pence  that  is  deducted  from  the  value  of  a 
guinea,  for  every  grain  it  loses  more  than  it  would  lose  if  it 
Trere  sterling  gold. 

Et».  In  the  guinea  that  lost  S'64,  how  much  must  be  de- 
ducted from  the  real  value  of  a  guinea  of  standard  gold? 

Ch.  I  can  tell  that.  Subtract  7-25  from  8-64,  the  re- 
iDainder  is  1'39;  and  this  multiplied  by  34  pence  givS^  47'26^ 
pence,  or  very  nearly  4  shillings;  consequently  that  guinea  is 
■worth  only  17  shillings. 

Fa.  Suppose  the  compound  were  silver  and  gold,  how 
would  you  proceed  in  making  an  estimate  of  its  value? 

Ch.  A  piece  of  silver  of  the  waght  of  a  guinea  would  lose 
12*45  grains;  from  which  I  deduct  7'25,  and  with  the  re- 
mainder, 5*2,  I  divide  the  value  of  a  guinea,  or  262  pence; 

'  the  quotient,  48*4  pence,  or  rather  more  than  4  shillings, 
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is  to  be  dedaoled  firom  the  vahie  of  a  guinea  adulterated  wUk 
silver,  for  every  grain  it  loees  bj  immersion  more  tkaa 
standard  gold. 

£m.  Hovr  is  that,  Papa?  Silver  is  much  dearer  thML 
eopper:  and  jet  you  allow  4  shilliiigs  a  grain  when  the  guinea 
is  fdloyed  with  silver,  and  but  2s.  lOd.  when  the  mixture  is 
made  with  copper. 

Fa.  Because  the  specific  gravity  of  silver  is  much  nearer 
than  copper  to  that  of  gold;  consequently,  if  equal  quantities 
of  silver  and  copper  were  mixed  with  gold,  the  silver  would 
cause  a  much  less  loss  by  immersion  in  water  than  the  coppo*. 

As  it  seldom  happens  that  the  adulteration  of  metal  in 
guineas  is  made  with  all  copper,  or  with  all  silver,  but 
generally  with  a  mixture  of  boUi,  three  shillings  are,  npoa  the 
average,  allowed  for  every  grain  that  the  base  metal  loses  by 
immersion  in  water  more  than  sterling  gold. 

Em.  There  is  a  silver  cream-jug  in  the  parlour.  I  have 
heard  Mamma  say,  that  she  did  not  think  it  was  real  silver. 
How  could  she  find  out  if  she  has  been  imposed  on  or  not? 

Fa.  Gro  and  fetch  it.     We  will  now  weigh  it. 

Em,  It  weighs  5^  ounces;  but  I  must  weigh  it  in  water. 
It  has  lost  in  the  water  10^  dwts;  and  dividing  5^  ounces,  or 
1 10  penny-weights  by  10^,  I  get  for  answer  10*7,  the  specific 
gravity  of  the  jug. 

Fa.  Then  there  is  no  cause  for  complaint;  for  the  specific 
gravity  of  good  wrought  silver  is  seldom  more  than  this.  I 
shall  now  present  you  with  a 

Table  of  Specific  Gravities  of  Solids  and  Liquids  at  the 
temperature  of  32°  of  Fahrenheit,  the  density  cf  loctter 
being  1. 


XNslinod  water. 1000 

8e»-water 1020 

Water  of  the  Dead  Sea 1-348 

Standard  gold 19  268 

Xereunr   18-598 

Standard  lilTtr    10-474 

Platina 22069 

LmuI 11-832 

Bran 8-896 

QofffUC 8-800 

TUl    7-291 

Iioa(ea«t)  7-248 


Iron  (bar) 7-788  I  Chalk 


Zinc 

Glass  (flint) 

Glass  (crown)  , 

Ivory , 

Oil  (olire) 

Cork 

Alcohol 

Proof  spirjl 

Butter 

India-rubber  (Caoutchouc). 

Naphtha  

Blood 


71M 

3-200 

2-MO 

l-8n 

•915 

'340 

*88S 

•93S 

•Ma 

•9SS 
••♦T 

IHNM 
3-67S 
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Sulphur _ ^0» 


Table  of  Spedjic  GravUies  of  Gases  and  Vapours,  that  of 
Almospheric  Air  being  I. 


AlmOfphMl*  lir 

Ovtanic  mdd  gn*    

<hrtKiret(*d  hrdragcn  < 
[Okirine  dlltt 


1  Hydrugtnpu  

Vilngtamto 

OsjgeBditlo  „ 

I  Sulpbnntted  bydrogon  ditto... 


QUESTIONS  FOE  EXAMINATION. 


•— BipUlD  Oh  umc  irilh  regard  to  n 
,  wlileh  \»  flill  weight.  —  How 
B  KKcrtalD  the  itiau  ot  ■  coou- 
^nea,    that    tt  compoeed  of 


mctlioda  of  Htlmatdng  lu  wortfa  IT  It 
be  ■  compoDiid  of  Kold  and  iMiaf  — 
TslJ  rae  what  it  tbe  averaicc  allawanos 
foioiny  grain  that  base  Rietallosfabj 


if  fair  muketablB  ailra 


CONVERSATION  XVI. 


Father.  Before  I  describe  the  uonstructioa  and  nses  of  the 
Jydroraeter,  I  will  show  yoii  iiii  experiment  or  two,  which 
Jnll  afford  you  entertainment,  ulW  the  dry  taleulationa  id 
■Dme  of  our  fomier  conversations. 

CA.  The  arithmetical  operations  are  rather  tedious,  cer- 
Aiunlj,  hut  they  serve  to  bring  to  mind  wimt  we  liave  already 
learnt,  and  at  the  ^ome  time  show  to  what  uacs  ariilimetic  may 
"  e  applied. 

Fa.  You  kniJW  that  wine  is  specifically  lighter  tlian      1 
iter,  and  tliat  the  lighter  Inidy  w-ill  niwiiya  he  upper-  (     \x 
Upon  these  principles  1  will  exliibit  two  or    " 
e  experimeuts.     I  have  filled  liie  bulb  B  with  port 
3  the  lop  of  tbe  narrow  «ein  :i-.     " 
•Ith  water.  rig.  n. 

•,    Em.  The  wine  is  gradually  ascendiiig,  like  a  fine  red  thread, 
ftrougfa  the  water  to  its  surface. 


no. 


*..    _ 


*  f 


4*    "-^  -  •     1  ■    .**-       ."!"•• 


■*  *•        *  ^    1  • 


■•     f    aZU.    t^ 


-I-      -         ^1..    .       ...■ 


:—  L     ■    t: '   .--^tLi-T  T-^  *:.*    •-:-> 
SEuJ-      Til:  Z!-^  ^-   ::    uj-    "^riT  iiidjf^r- ur-  -:- :  :    *:•■  "vvl 

i».'^:ia'.L*  lir.--'  mi^^-^Tr    ■:  run    r^  2l!I;rx  l  :•  s-iii.':   ?■  •":'-  tt:*: 

i>  »»,  1  Uv  A  |xi,vv  ..:'^-crT  :Juti  TwstcKiari  lt>  .r.  :>  *crtaiv, 
M>a  i)i«i  |VM„-   i„   ihr  >Riw :  flfVor  m-hif^h  I   tiJ.f-   .'.war  ibc 

1*U  «.>4«iiuw  <^.Wrt  »v  arinVin^r  illass;  jv*r  ^iact  in,  and 
ilK^i  i^v  «  Uiin  i«cw  of  t^iaswvi  hrma  npon  the  water;  aad 
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■you  may  potir  your  wine  upon  the  breaJ,  and  the  two  fluids 
will  remain  for  some  time  separate. 

Em.  la  the  Uiast  placed  there  merely  to  receive  the  shock 
of  the  wine  when  poured  in? 

Fa.  It  is.  I  will  now  proceed  to  explain  the  principle  of 
the  hydrometer,  an  instrument  contriyed  to  ascertain  with  ac- 
curacy and  expedition  the  specific  gravities  of  different  fluids, 
and  thence  the  sti'ength  of  spirituous  liquors:  the  term  ia 
derived  finm  two  Greek  words,  Itudor  {hiup)  "'  water,"  and 
melron  (/itrfioy)  "  a  measure." 

A  s  ia  a  hollow  cyhndrical   tube   of  glass,  ivory, 
copper,  &C.,  five  or  six  iuchea  long,  attached  to  a 
hollow  Hphere  of  copper,  d.     To  the  bottom  of  this  ia 
imilod  a  smaller  ephere,  e,  containing  a  httle  quick- 
silver, or  a  few  leaden  ehot,  aufiicicnt  to  poise  the  ma- 
chine, and  make  it  sink  vertically  in  the  fluid.  I, 
CA.  What  are  the  graduated  marks  on  the  tube?       ^X^ 
fa.  They  are  degrees,  exhibiting  the  magnitudes    {^J 
of  the  part  bdow  the  surface;  consequently,  the  Bpe-  ^'e-  "*■ 
cific  gravity  of  the  fluid  in  which  it  descends.     If  the  hydro- 
meter, when  placed  in  water,  sink  to  the  figure   10,  and  in 
spirit  of  wine  to  IM,  then  the  specific  gravity  of  the  water 
is  to  that  of  the  spirit,  as  11  '1  to  10:  for  if  the  same  body 
float  upon  different  fluids,  the  specific  gravity  of  these  fluids  will 
be  to  eacli  other  iuvcrsely  as  the  parts  of  the  body  immemed. 
£m.  By  inversely  do  you  mean  that  the  fluid  in  which  the 
bydromeler  sinks  the  deepest  is  of  the  least  specilic  gravity? 
Fa.  Yes,  I  do.     Here  is  a  p!e;;e  of  dry  oak,  which  if  put 
to  spirit  of  wine,  is  entirely  immersed:  in  water,  the  greatest 
fart  of  it  sinks  below  the  surface;  but  in  mercury,  it  scarcely 
sinks  at  all.     Hence  it  is  evident  that  the  hydrometer  will 
sink  deepest  in  the  fluid  that  is  of  the  least  apcciflc  gravity. 

To  i-eniler  tliia  iui^Crument  of  more  service,  a  small  stem  ia 
fixed  at  tlie  end  of  the  tube,  upon  wliich  weiglita,  like 
that  at  17,  may  be  placed.  Suppose,  then,  the  weight  of  the 
inKtrameiit  to  be  lU  dwts.,  and,  by  being  placed  in  any  kind 
of  spii-it  it  sink  to  a  certain  [loint,  l,  it  will  require  an  ad- 
ditional weight,  suppose  I'G  dwt,  to  sink  it  to  the  some  depth 
in  water.  In  tliid  case,  the  specific  gravity  of  the  water  to 
the  spirit  will  be  ns  11-6  to  lU.  By  the  addition  of  different 
veij;hta,  the  specific  gravity  of  any  kind  of  liquor  is  easily 


I 
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fimnd.  The  point  l  diopld  be  ao  fJiced  «■  to  Mf¥  liie  ciact 
dqpth  to  which  the  instmineiit  will  ank  in  tiie  fiqnor  Ihtt 
Ins  the  least  specific  grayitj. 

Ch.  Bat  70a  always  make  the  ^>ecific  graTity  of  water  1, 
for  tiie  sake  of  a  standard. 

Fa,  To  be  sore:  and  to  find  the  specific  gravity  of  the 
qnrit  compared  with  water  at  1;  Isaj,  as  11*6:  1  ::  10:  *8G2 
nearfy;  so  that  I  should  pat  the  ^>ecific  gravity  of  this  spirit 
down  at  "862  in  a  table  where  water  was  marked  1:  and  as  a 
cubic  foot  of  water  weighs  1000  ounces^  a  cubic  foot  of  this 
spirit  would  weigh  862  oonoes;  whidi  is  generally  the 
standard  of  pore  reetyM  spiriL 

Em,  Is  tins  what  is  usoally  called  spirit  of  wine? 

Fa.  No:  it  is  the  alcohol  of  the  diemists;  one  pint  of 
which  added  to  a  pint  of  water  makes  a  quart  ntarh^  of 
common  spirit  of  wine. 

Ck,  You  said  *862  was  gtneraXhf  the  specific  gravity  of 
alcohoL     What  causes  the  difference  at  other  times? 

Fa.  It  is  not  always  manufactured  of  equal  strength:  and 
the  same  fluids  vary  in  respect  to  their  specific  gravity  by  the 
different  degrees  of  heat  and  temperature  in  the  atnK>sphere. 
The  cold  of  winter  condenses  the  fluid,  and  increases  the 
specific  gravity:  the  heat  of  sunmier  causes  an  expansion  of 
^  fluid,  and  a  diminution  of  its  specific  gravity.  The  hy- 
drometer more  generally  used  than  any  other  is  that  of  Sykes, 
from  being  directed  by  Act  of  Parliament  to  be  used  in  col- 
lecting the  revenue  of  the  United  Kingdom  from  the  Excise, 
Ice  But  there  is  another  ready  method  of  estimating  the 
densities  of  different  liquids  frequently  practised,  by  means  of 
a  set  of  glass  beads,  previously  adjusted  and  nimibered.  They 
are  thrown  into  any  liquid,  and  the  heavier  beads  sink,  while 
the  lighter  float  on  the  surface  of  the  water;  and  the  bead 
approaching  nearest  to  the  density  of  the  liquid  will  remain 
buoyant,  eitiier  upon  the  surface  or  under  it,  in  any  position  it 
may  be  placed,  and  upon  this  bead  is  the  number,  in  thou- 
sandth parts,  indicating  the  specific  density  of  the  liquid. 

Em.  You  said  just  now  that  a  pint  of  water  added  to  a  pint 
of  alcohol  made  nearly  a  quart  of  spirit  of  wine:  surely  two 
pints  make  VifuU  quart. 

Fa.  Indeed  they  will  not.  A  pint  of  water  added  to  a 
pint  of  water  will  make  a  quart;  and  a  pint  of  spirit  added  to 


THE   IITDROUETER.  263 

ft  pint  of  spirit  vrill  make  ft  qua.rt;  but  m!x  ii  pint  of  apirit 
with  K  pint  of  water,  ooil  there  Ja  a  CBrtain  chcmiral  union  or 
penetration  between  the  particles  of  the  two  fluids,  that  di- 
Binishes  ths  volume.  This  subject  we  shall  resume  in  our 
ehcmical  conversations;  but  I  will  see  bow  far  you  have 
anderstood  the  nature  of  specific  gravity,  bj  asking  you  a 
question  or  two. 

Now,  as  in  tlie  course  of  the.se  six  conversations  on  the 
Ipeeiftc  gravities  of  bodies,  you  have  witnessed  a  number  of 
experiments,  what  arc  the  general  deductions  arising  in  your 
mind  from  tiiem? 

tVj,  I  have  learned  tliat  if  a  solid  be  immersed  in  several 
fiuiil.",  the  weights  which  it  loses  in  those  fluids  are  as  tha 
tpeciljc  gravities  of  the  fluids:  for  each  weight  answers  to  a 
{MU'ticular  bulk  of  each  particular  fluid. 

Fa.  What  is  the  abtolule  gravity  of  any  substance? 
Ch.  That  b  only  to  be  found  by  weighing  it  in  a  vacuum; 
iithougli  its  comparative  gravity  in  the  air  is  commonly  taken 
'  :  its  absolute  gravity.  ' 

Fa.  Do  all  solids  that  float  upon,  or  are  suspended  in  any 
fluid,  communicate  thi-ir  grarity  to  the  whole  fluid? 

CA.  They  do:  and  the  pressure  upon  that  port  of  the 
bottom  which  lies  directly  under  the  solid  is  not  greater  than 
npon  any  other  part. 

To  wiiat  purposes  is  the  hydrometer  applied? 
Fa.  It  is  used  in  breweries  and  distilleries,  toascertain'the 
terength  of  their  difierent  liquors:  and  by  this  instrument  the 
Excise-officers  gauge  the  spirits,  and  thereby  determine  the 
^    ies  to  be  paid  to  the  revenue. 

It  does  not  appear  to  be  used  so  much  as  formerly:  for  if 
e  liquors  difier  considerably  in  specific  gravity,  they  require 
I  increase  in  the  limits  of  graduaticai.  Thus,  the  hydrometer 
llpted  to  spirits  will  swim  in  water  with  part  of  the  ball 
ove  the  surface;  and  if  it  be  adapted  to  water,  it  will  nut 
rim  in  spirits  at  all.  This  may  ha  remedied,  however,  either 
'  lengthening  or  widening  the  tube:  but  the  first  is  ir.con- 
uient,  and  the  latter  would  make  the  graduations  so  short 
to  render  them  of  little  use, 

Ch.  Is  this  instrument  applicable  to  finding  the  specific 
avity  of  solids  as  well  as  fluids? 
Rt,  It  appears  that  Mr.  Kicbolson,  as   described  in  his 
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*^  Introduction  to  Natoral  Philaaophyy"  made  an  atteiapt  to 
adapt  it  to  solids;  and  it  was  found  to  be  sufficientlj  accurate 
to  give  weights  true  to  less  tlum  one-twentieth  of  a  grain. 
He  obserred  at  the  same  time  that  experiments  concenung 
specific  gravities  in  general,  are  more  difficult  to  be  made 
with  accuracy  than  authors  in  general  seem  to  imagines  as, 
in  water,  a  few  degrees  of  difference  of  temperature  will 
change  the  figures;  and  in  different  specimens  of  the  same 
kind  of  wood  the  specific  gravities  will  also  vary,  as  will 
metals  cast  out  of  the  same  melting,  if  cooled  more  or  less 
quickly.     The  latter  are  also  altered  by  hammering** 

QUESTIONS  FOR  EXAMINATION. 

Explain  the  experiment  intended  to  j  it  gndnated?  —  What  is  the  meaning 
be  exhibited  by  figs.  28  and  24.  —  By  i  of  the  word  invertely  when  applied  to 
what  meant  are  the  Blavea  in  the  West  ttiia  rahJect  ?  —  What  la  the  dlHtoeno 
Indies  said  to  plunder  their  masters  of  between  spirit  of  wine  and  alcohol?  — 
ram?  —  Can  fluids  of  different  specific  j  Will  a  pint  of  water  and  a  pint  of 
gravities  be  placed  one  upon  another  alcohol  make  a  quart  ?  if  not,  what  is 
without  mixing  ?  —  For  what  purposes  the  cause  ?  —  In  what  trades  is  the  hy- 
is  the  hydrometer  used  ?  —  Explain  its  drometer  used  ? 
structure  by  means  of  fig.  25. —  How  is 


CONVERSATION  XVII. 

OF   SWIMMING. 

Father.  I  think,  from  the  time  we  have  spent  in  considering 
the  specific  gravity  of  different  bodies,  you  will  be  at  no  loss 
to  account  for  a  variety  of  circumstances  that  will  present 
themselves  to  your  attention  in  the  common  concerns  of  life. 
Can  you,  Emma,  explain  the  thex)ry  of  floating  vessels? 

Em.  All  bodies  whatever  that  float  on  the  surface  of  the 
water,  displace  as  much  fluid  as  is  equal  in  weight  to  the 
weight  of  the  bodies:  therefore,  in  order  that  a  vessel  may 
keep  above  water,  it  is  only  necessary  to  take  care  that  the 
vessel  and  its  cargo,  passengers,  &c.  should  be  of  less  weight 
than  the  weight  of  a  quantity  of  water  equal  in  bulk  to  that 
part  of  the  vessel  which  it  will  be  safe  to  immerge  in  the 
water. 

Fa.  Salt  water  (that  is,  the  water  in  the  sea)  is  specifically 
heavier  than  fresh  or  river  water. 

•Nicholson.  Intr.  to  Nat.  Fhilos  • 


~  C?t.  Then  tlin  vcsitci  n-ill  not  sink  bo  deep  at  sea  M  it  does 
in  the  Tbames. 

Fa.  Certainly  not.  If  a  ahip  be  laden  at  Sunderland,  nr 
any  other  sea-port,  with  its  much  coals  or  corn  na  it  can  carry, 
it  will  come  very  safely  till  it  reach  the  freeh  water  in  tlie 
Thames;  and  there  it  will  infallibly  go  to  the  bottum,  unless 
80me  of  the  cargo  be  taken  out. 

Em,  How  much  heavier  is  sea  water  than  fresh? 

Fa.  About  one  thirtieth  part;  as  you  will  see  by  looking 
at  the  table  of  specific  gravities  previously  referred  to  (in 
Convernation  XV,);  and  that  knowledge  would  be  a  guide  \a 
the  master  of  a  vessel,  who  wns  bent  upon  freighting  it  aa 
deeply  ns  possible. 

Ch.  In  bathing  I  have  often  tried  to  swim;  hut  have  not 
pet  been  able  to  accomplish  the  task.  Is  my  body  specifically 
heavier  than  the  water? 

Fa.  By  some  very  accurate  experiments  made  by  Mr. 
Itobertson,  the  late  librarian  of  the  Royal  Society,  upon  ten 
different  persons,  the  mean  specifie  gravity  of  the  human  biidy 
was  found  to  be  about  -Jth  less  than  that  of  common  river 

Ch.  Why.  then,  do  I  sink  to  the  bottom?  I  ought  to  swim 
like  wood  on  the  surface. 

Fa.  Though  you  are  specifieally  h'ghter  than  water,  yet  it 
will  require  some  skill  to  throw  yourself  Into  such  a  position 
as  to  cause  you  to  float  like  wood. 

Ch.  What  is  that  position? 

Fa.  Dr.  Franklin,  who  was  a  great  swimmer,  and  gave 
\tASQQS  in  the  art,  when  he  first  arrived  in  London  as  a 
joumeynlan  printer,  recommends  a  person  to  throw  himself  in 
a  slanting  position  on  lus  back;  his  whole  body,  except  the 
face,  being  kept  under  water. 

Unskilful  persons,  in  the  act  of  attempting  thin,  are  apt  to 
plunge  about  and  struggle;  by  which  means  they  take  water 
in  at  tlieir  mouths  and  nostrils,  which  of  itself  would  soon 
render  them  as  heavy  or  heavier  than  the  water.  Moreover, 
the  coldness  of  the  stream  tends  to  contract  the  bodf:  and, 
perhaps,  fear  has  the  same  tendency.  All  these  things  put 
together  will  easily  account  for  a  person  sinking  in  the  water. 
Some  persons,  however,  find  great  difficulty,  even  under  the 
instractjoa  of  the  best  of  Bwimmera,  to  keep  themselves  afloat 
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Lideed  I  have  seen  a  great  manj  attempts  made  wi&>iit 
success. 

d.  From  what  cause,  Fi^ia,  do  you  conceive  that  this 
inabili^  arises? 

Ftu  Some  attribate  it,  as  I  have  just  said,  to  fear:  but  n^ 
opiiiion  is,  that  it  very  freqnentlj  depends  on  liie  confcMr- 
mation  of  the  body,  as  in  the  case  of  wood;  some  bodies  beii^ 
naturally  more  buoyant  than  others. 

£m.  But  if  a  dc^  or  a  cat  be  thrown  into  the  pond,  it  seems 
as  terrified  as  I  should  be  in  a  like  situation;  yet  they  never 
fail  of  making  their  way  out  by  swimming. 

Fa,  Of  all  land  animals,  man  is,  probably,  the  most  h^less 
in  water.  The  brute  creation  swim  naturally:  the  human 
race  must  acquire  the  art  by  practice.  In  other  animals  the 
trunk  of  the  body  is  large,  and  their  extremities  small:  in 
man,  the  arms  and  legs  are  small  in  proportion  to  the  bulk  of 
the  body;  but  the  specific  gravity  of  the  extremities  is  greater 
than  that  of  the  trunk;  consequently  it  will  be  more  difficult 
f(H*  man  to  keep  above  water  than  for  four-footed  animals: 
besides,  the  act  of  swimming  seems  more  natural  to  them  than 
to  us,  as  it  corresponds  more  nearly  to  their  mode  of  walking 
and  running  than  to  ours. 

Ch.  I  will  try,  the  next  time  I  bathe,  to  throw  myself  on 
my  back,  according  to  Dr.  Franklin's  directions. 

Fa,  Do  not  forget  to  nmke  your  experiments  in  water  that 
is  not  so  deep  as  your  height,  by  at  least  a  foot,  unless  you 
have  an  experienced  person  with  you:  because  an  unsuc- 
cessful experiment  in  that  element,  where  it  is  but  a  little  out 
of  your  depth,  may  be  the  last  yon  will  make.  And  neither 
your  sister  nor  I  can  spare  you  yet. 

Ch,  I  once  jumped  into  a  part  of  the  New-River,  which 
did  not  appear  to  me  to  be  deeper  than  you  mentioned;  and  I 
found  it  was  over  my  head:  but  there  were  several  person' i 
there  who  soon  put  me  in  shallower  water. 

Fa,  It  is  not  so  generally  known  as  it  ought  to  be,  that  the 
depth  of  a  clear  stream  of  water  is  always  one-fourth  part 
greater  than  it  appears  to  be.* 

Ck,  If  the  river  appear  to  be  only  three  feet  deep,  may  I 
reckon  upon  its  being  full  four  feet? 

•The  reMon  of  thia  deeeption  will  be  ezplalaed  in  oar  oonTenatlooi  on 
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Fu.  Tou  may  estimate  it  in  lliis  manner.  Remember  alao 
ftat  if  a  p«r»on  sink  slowlj  in  wiiter  ever  bo  tieep,  a  BuaJl 
)BS(irt  will  bring  him  up  ngain;  and  if  he  be  tbcn  able  to 
lltrow  faimself  on  \m  bacli,  keeping  oalj  his  fuce  above  water, 
IkU  will  be  well:  but  if,  instead  of  thus  be  become  alarmed, 
te(),  by  struggling,  throw  himself  so  high  above  the  water 
Aat  his  body  does  not  displace  »d  mnch  of  it  as  is  equal  to  its 
freight,  he  will  sink  with  an  aeceJeroted  motion.  A  still 
fltronger  effort,  which  the  sense  of  danger  will  produce,  may 
bring  him  up  again;  but,  in  two  or  three  efforts  of  this  kind, 
£as  strength  fails,  and  he  sinks  to  rise  no  moi-e  alivo. 

Em.  Li  it  the  upward  pressure  which  brings  up  a  peraoa 

at  is  at  a  considerable  depth  in  the  water? 

Fa.  It  is:  this  upward  pressure  balances  the  weight  of 
which  he  sustains,  or  he  would  be  crushed  to  pieces 

Cork  an  empty  bottle  ever  so  well,  and  with  weights  plunge 
it  down  a  hundred  yards  into  the  sea,  and  the  pressure  of 
Aie  water  will  force  the  cork  into  the  bottle. 
Ch.  I  must,  at  all  events,  leam  to  swim. 
Fa.  I  hope  you  will,  oud  well  loo;  it  may  be  the  means  of 
ttving  your  own  life,  and  rescuing  others  who  are  in  danger 
of  drowning.  But  let  me  observe  to  you,  that  the  head,  legs, 
And  arms  are  considered  speci6cally  heavier  than  fresh  water, 
^faough  the  body  is  not;  and  generally  speaking  an  eleventh 
1  of  the  weight  of  the  body  remains  above  the  surface  in 
\  water,  and  a  teutit  in  salt-water.  It  is  difficult,  there- 
^^  ,  to  keep  the  mouth  and  nostrils  above  water;  yet  if  the 
body  be  put  into  a  walking  position,  and  the  head  leaned  bock 
Spon  the  water,  so  aa  to  raise  the  chin  above  the  level  of  the 
arehcad,  the  mouth  and  nostrils  are  perfectly  free  for  respi- 
tion;  and  bear  in  mind  that  tlie  arms  and  hands  must  be 
ider  water  if  you  wish  to  keep  the  head  above;  for  the  arms 
id  heail  exceeding  a  tenth  of  the  weight  of  the  body,  cannot 
A  above  water  at  the  saiue  time ;  it  lias  even  been  said  that 
Fthe  arms  and  hands  are  kept  under  wulcr,  it  would  be  im- 
lOBsible  to  sink.  The  grand  thing  is  to  liave  confidence,  and 
p  be  fully  persuaded  of  the  natural  buoyancy  of  the  body. 
Hie  safest  method  of  swimming  is  the  upright,  recommended 
rr  Mr.  Bemardi,  yet  it  is  not  the  swiftest,  but  speed  must 
Stb  way  to  security. 
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QUESTIONS  FOB  EXAMINATION. 


Cut  yoa  explain  the  theory  of 
llofttiiig  TesMlt?— Will  ft  Tesiel  sink 
deepest  in  salt  water  or  in  fteah  ?  —  Is 
there  any  danger  of  loading  a  ressel  too 
hearily  that  rides  in  the  sea,  and  which 
has  to  come  into  ftesh  water? — What 
is  the  difflerence  of  densities  between 
eea  and  tnah  water? —  Is  the  human 
body  lighter  or  heavier  than  fresh 
water? — What  makes  a  person  sink 
in  water?  — What  method  does  Dr. 


Franklin  reoommend  to  »  psKioa  to 
learn  to  swim  ?  —  Wl^  do  all  qudim^ 
peds  swim?  —  What  ride  do  tnesn^ 
tioos  bathers  mn,  and  Crom  what  eaasiT 
—  How  much  deeper  Is  a  dear  iiiiain 
than  it  appears  to  be?— What  is  tbs 
cause  of  a  person  being  drowned?— 9y 
wliat  means  is  a  person  who  fhlla  lirii 
the  water  brooght  up  again  fram  the 
bottom? 


CONVERSATION  XYDL 


OF  THE   SYPHON. 


Father,  This  bent  tube  is  called  a  Syphon,  or  more 
correctly  spelled  siphouy  as  it  is  a  Greek  word  (crc^faiy) 
meaning;  "  a  hollow  body,  reed,  tube,"  &c.;  and  is 
used  to  draw  off  water,  wine,  or  other  liquids  from 
vessels  which  it  would  be  inconvenient  to  move  from 
the  place  in  which  they  stand.  *^f  •  *«• 

Ch.  I  do  not  sec  how  it  can  draw  liquor  out  of  any  vessel 
Why  is  one  leg  longer  than  the  other? 

Fa.  I  will  first  show  you  how  the  operation  is  performed, 
and  then  endeavour  to  explain  the  principle. 

I  fill  the  tube  edc  with  water,  and  then  placing  a  finger 
on  E,  and  another  on  c,  I  invert  the  tube,  and  immerse  the 
shorter  leg  into  ajar  of  water:  now,  having  taken  my  fingers 
away,  you  see  that  the  water  runs  over  in  a  stream. 

Em,  Will  it  continue  to  fiow  over? 

Fa.  Yes,  until  the  water  in  the  vessel  sinks  as  low  as  e, 
the  edge  of  the  syphon. 

Ch.  Is  this  accounted  for  by  pressure? 

Fa.  To  the  pressure  or  weight  of  the  atmosphere  we  are 
indebted  for  the  action  of  the  syphon,  pumps,  &c.  At  pre- 
sent you  must  take  it  for  granted  that  the  air  which  wo 
breathe,  though  invisible,  has  weight,  and  that  the  pressure 
occasioned  by  it  is  equal  to  about  14  or  15  pounds  upon  every 
square  inch.*     The  surface  of  this  table  is  equal  to  about  six 

*  If  any  of  my  young  readers  are  unwilling  to  admit  this  assertion  without 
prooC  tlicy  must  be  referred  to  the  beginning  of  these  dialogues  Ibr  a  eompleto 
demonstration  of  the  fkct. 


fcqanre  feet,  or  8S4  aquare  inchea,  and  the  pressure  of  the 
atmosphere  upon  it  is  equal  to  at  least  12096  pounds. 

Em,  How  iloes  the  pressure  of  the  air  cause  tlie  water  to 
<nm  through  the  syphon? 

Fa.  The  principle  of  the  syphon  is  tliis:  tlie  two  legs  are 
ef  unequal  lengtlij  consequently  the  weight  of  water  in  the 
longer  1^  is  greater  thRD  that  in  the  shorter,  and  therefurc 
*ill,  by  its  own  gravity,  run  out  at  o,  leaving  a  vacuum  from 
»  to  E,  unless  the  pressure  of  the  atmosphere  on  the  surfiice 
of  tiie  water  in  the  jar  force  it  up  the  leg  d  e,  and  thus  eonti- 
sually  supply  the  place  of  the  water  in  d  c. 

Ch.  But,  since  the  pressure  of  fluids  acts  in  all  directions, 
is  not  the  upward  pressure  of  the  atmosphere  against  c,  tlie 
tnouth  of  the  tube,  equal  to  the  downward  pressure  on  the 
surface  of  the  water? 

Fa.  The  pressure  of  the  atmosphere  may  be  considered  as 
equal  in  both  coses.  But  these  equal  pressures  are  countei'- 
■acted  by  the  pressures  of  the  two  unequal  columns  of  water, 
l>  B  and  D  c.  And  since  the  atmospheric  pressure  is  more 
tiiun  sufficient  to  baliince  both  these  columns  of  fluid,  that 
which  acta  with  the  Itss  force,  (namely,  the  column  d  b,)  will 
t>e  more  pressed  against  dc  tlian  s  c  is  against  db  at  the 
vertex  d;  consequently  the  column  D  G  will  yield  to  the 
greater  pressure,  and  flow  off  thi'ough  the  orifice  c. 

Em.  Would  the  same  thing  happen  if  the  outer  leg,  d  c, 
'irere  shorter  than  the  other? 

Fa.  if  D  c  were  broken  off,  at  b,  even  with  the  surface  of 
fte  water,  no  water  would  run  over:  or  if  it  were  broken  off 
'•nywhero  lower  than  b,  it  would  only  run  away  till  tlie  sur- 
j&ce  of  the  fluid  descended  to  a  level  with  the  length  of  the 
4DUter  tube,  because  then  the  column  d  e  will  be  no  more 
yreased  against  d  c  than  d  c  is  against  d  e,  and  consequently 
■Aa  syphon  will  empty  itself;  the  water  in  the  outer  leg  will 
4nn  out  at  the  lower  oriSce,  and  that  in  the  inner  will  fall 
ck  into  the  jar. 

Ch.  In  decanting  a  bottle  of  wine,  are  you  obliged  first  to 
.  the  syiihon  with  liquor,  and  then  invert  it? 
^  Fa.  No:  either  a  small  pipe  is  fixed  to  the  outer  leg  of  the 
■~~phon,  by  which  the  air  is  drawn  out  of  it  by  the  mouth; 
tlte  mouth  is  applied  to  the  orifice  of  the  outer  leg;  and 
short  leg  having  been  previously  immersed  in  the  wine, 
fiuid  will  follow  the  air,  and  run  out  til    the  bottle  is 
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empty;  as  long  as  tlie  tube  ooatinues  full,  no  air  can  gain 
admittanoe,  and  the  liquor  flows  on  till  it  is  all  expended. 
Wbiehever  mode,  howevery  is  adqpted,  for  water  the  highest 
part  of  the  sjphon  must  not  exceed  34  feet  above  the  reser- 
Toir,  and  for  meremy  not  more  than  30  inches^  because 
the  presence  of  the  atmosphere  will  not  support  a  greater 
height  of  water,  or  of  mercury. 

The  sjrplMm  is  sometimes  disguised  for  the  sake  of 
amusing  joung  peof^  Tantalus's  Cup  is  of  this  kind. 
The  longer  leg  of  the  syphon  passes  through,  and  is  ce- 
mented into  the  bottom  of  the  cup:  if  water  be  poured 
into  the  cup^  so  as  not  to  stand  so  high  as  the  bend  ci 
the  tube,  the  water  will  remain  as  in  any  common  '^*'^' 
vessel;  but  if  it  be  raised  over  the  bended  part  of  the  syphon, 
it  will  run  over,  and  continue  to  run  till  the  vessel  is  emptied. 
Sometimes  a  little  figure  of  a  man,  representing  Tantalus, 
conceals  the  syphon;  so  that  Tantalus,  as  in  the  fable,  stands 
up  to  his  chin  in  water,  but  is  never  able  to  quench  his  thirst; 
for,  just  as  it  comes  to  a  level  with  his  chin,  it  runs  out 
through  the  concealed  syphon. 

This  is  another  kind  of  Tantalus'  cup;  but 
the  syphon  is  concealed  in  the  handle;  and  & 
when  the  water  in  the  cup,  which  communi- 
cates with  the  shorter  leg  at  c,  is  raised  above 
the  bend  of  the  handle,  it  runs  out  through  the 
longer  leg  at  p,  and  so  continues  till  the  cup  is 
empty.  This  cup  is  often  made  to  deceive  the 
unwary,  who,  by  taking  it  up  to  drink,  cause  the  water,  which 
was,  while  at  rest,  below  the  bend  of  the  syphon,  to  run 
over;  and  then  there  is  no  means  of  stopping  the  stream  till 
the  vessel  is  empty. 

Ch.  I  have  frequently  seen,  at  the  doors  of  public  houses, 
large  hogsheads  of  spirits  in  carts  or  wagons,  and  persons  draw- 
ing off  the  contents  by  means  of  an  instrument  like  a  syphon. 

Fa.  That  is  called  a  distiller's  crane  or 
syphon,  b  represents  one  of  these  barrels 
with  the  crane  at  work  from  the  bung- 
hole  n.  The  longer  leg,  mr,  is  about 
three  feet  long,  with  a  stop-cock  near  the 
mid^e,  which  must  be  shut,  and  then  the 
shorter  leg  is  immersed  in  Uie  liquor. 
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Em.  ThMi,  by  the  upwnrd  pressure  of  the  fluid,  the  air  in 
*  B  short  leg  ia  ibrced  into  the  other. 
Fa.  And  the  cnck  being  shut,  it  cannot  esi^ape,  but  will  be 
y  tnnoh  condensed.  If,  then,  tlie  cock  be  aiiddenlj  opened, 
_    coitdensed  air  will  rush  out,  and  the  pressure  ol'  the  air  <>n 
Kfte  liquor  in  the  vessel  will  foree  it  aver  the  bend  of  the 
lij^hcm,  and  cause  it  to  flow  off  in  a  stre«in,  as  the  figure  re- 
"        If,  however,  the  barrsl  be  not  tiill,  or  nearly  so, 
1  it  IB  necessary  to  draw  tho  air  out  of  the  syphon  by 
»  of  a  small  tube,  a  b,  fixed  to  it. 
By  tho  principle  of  the  syplion  we  are  enabled  to  explain 
be  nature  of  intermitting  springs. 
Sm.  What  are  these,  Papa? 

Fa.  They  aje  springs,  or  rather  streams,  that  flow  perio- 
dically.    A  figure  will  give  a  clearer  idea  of  the  snbject  than 
many    words  without  it.     Let 
represent  a  ravity  in  the  bowels  of  a  j 
hill  or  mounttun,  wliich  may  be  n 
dered   aa   the  reservoir  or  vessel   of  1 
f  liquor  to  be  drawn  off,  from  the  bottom  1 
I  if  which,c,  proceeds  the  irregular  chan- 
■el  or  duct,  c  E  D,   tbrming  s 
Utturol  syphon,  having  its  shortest  leg 
Mning  into  the  reservoir,  and  its  longest  at  the  surface  of 
i  earth  where  the  spring  appears.     Now,  as  this  cavity 
I,  by  means  of  rain  or  melted  snow  draining  through  the 
«  of  the  ground,  the  water  will  gradually  ri«e  in  the  leg 
it  has  attained  the  horizontal  level  h  h,  when  the 
vill  begin  to  flow  through  the  leg  s  d,  upon  the  prin- 
_  e  of  the  equilibrium  of  fluids,  tmd  continue  to  increase 
1  the  quantity  discharged  as  the  wnter  rises  higher,  till  a 
iH  stream  is  sent  forth,  and  then,  by  the  principle  of  the 
■pbon,  it  most  continue  to  fluw  till  the  water  sinks  to  the 
vel  1^  when  the  ur  will  rush  into  the  syphon,  and  stop  its 
'on, 

ft.  And  being  once  brought  so  low,  it  cannot  run  over 
_    Q  till  the  cavity  is  full  of  water,  or,  at  least,  up  to  the 
Wel  A  A,  which,  as  it  is  only  sujiplicd  by  the  dnuniug  of  the 
h  the  gronnii,  must  take  a  considerable  It 


idea  of  the  subject  than 
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Fa,  It  is.    Mr.  Clare,  in  his  treatise  '^  On  the  Motum  of 
Fluids,"  illustrates  this  subject  bj  referring  to  a  pood  af 
Gravesend,  out  of  which  the  water  «66«  all  the  time  the  tide 
is  coming  in  to  the  adjacent  river,  and  runs  in  while  the  tide 
is  going  out.     Another  instance  mentioned  by  the.  same 
author,  is  a  spring  in  Derbyshire,  called  the  Weddiii^*weU» 
which,  at  certain  seasons,  sends  forth  a  strong  stream,  with 
a  singing  noise,  for  about  three  minutes,  and  then  stops  again* 
At  I^unboum,  in  Berkshire,  there  is  a  brook  which,  in  sum- 
mer, carries  down  a  stream  of  water  sufficient  to  turn  a  mill; 
but  during  the  winter  there  is  scarcely  any  current  at  alL 
There  is  idso  an  intermitting  spring  at  lAywell,  near  Torbay, 
in  Devonshire,  having  many  superstitious  notions  connected 
with  it,  which  are  prettily  described  by  Dr.  Atwell  in  the 
^*  Philosophical  Transactions,''  No.  424. 

In  intermitting  springs,  the  periodical  returns  of  the  flow- 
ing and  cessation  will  be  regular,  if  the  filling  of  the  reser- 
voir be  so;  but  the  interval  of  the  returns  must  depend  on 
the  quantity  of  water  furnished  by  the  springs. 
Ch,  What  is  the  Wurtemburg  syphon.  Papa? 
Fa.  It  is  a  syphon  made  with  both  branches  equal,  and 
turned  up  at  both  ends,  so  that  as  long  as  the  extremities  are 
kept  on  the  same  level,  it  will  continue  always  full  and  ready 
for  use.  It  takes  its  name  from  having  been  first  used  at 
Wurtemburg. 

Can  you  tell  me  now,  Charles,  fix)m  what  we  have  been  con- 
sidering, whether  there  are  limits  to  the  action  of  the  syphon? 
Ch»  Yes;  for  I  find  that  if  the  perpendicular  action  of  the 
syphon,  from  its  bend  to  the  surface  of  the  water,  be  34  feet, 
or  more,  the  instrument  cannot  be  filled  by  suction,  or  by 
any  other  method  of  exhausting  the  air;  and  if  it  be  filled 
first,  the  water  will  separate  at  the  bend,  part  of  it  running 
out  at  each  orifice;  because,  when  such  a  syphon  is  full,  the 
weight  of  the  water  in  each  leg  is  greater  than  the  pressure 
of  the  atmosphere. 

Fa,  You  are  quite  correct,  Charles;  and  from  the  same 
principles,  you  will  perceivQ.  by  and  by,  when  we  come  to 
speak  of  Pumps,  the  reason  of  the  construction  and  work- 
ing of  common  pumps,  and  why  they  cannot  raise  water  higher 
than  about  34  feet. 
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QUE8TI0SS  FOE  EXAMJKATION. 

;' '  tfbti  H  tbe  lyphon  lolrnded  tor  ?— 
—  ■    tct?—  To  whBl  ia  IhB 

ip<  ud  otber  bj'dranlJs 


-Ilow 


— Expliin  the  prinriple  upon  irhlob 
bDttleofwLne,  kc.,  ta  dEUDtcil  b;  th 
ijrpbon  ? —  How  Is  Iho  TuiU]iu'>  eg 
enplaned?— ExplalD  bj' Ibe  flgure  L 


whit  mtDDiir  Die  dJiClIltfr- 

How  is  tbs  nature  of Eu  [trmitting  ipri  n^ 
—  Kxpldn  I  aecaanled  for?  —  Cin  you  explain  Ihi 
"■■    '  Ihiury  by  ■  rtference  to  Ibe  flgure  f 


CONVERSATION  XIX. 


OF  TBE  Divma   BELL, 

Father.  Take  this  de-glaas,  and  tbrnst  it  with  tlic  icouth 
A>wnwarcb  into  a  glass  jnr  of  water,  and  70U  will  perceive 
bat  but  vety  little  water  will  enter  into  it;  tlie  greater  por- 
ion  of  the  space  remaining  empt7,  or  rather  onXj  filled  with 
'liii.  Bud  any  object  placed  in  this  would  continue  perfectly 
^y  tliough  completely  surrounded  by  water. 

Ch.  The  waler  does  not  rise  in  it  more  than  about  a  quarter 
of  an  inch.  If  I  properly  understand  the  subject,  the  air, 
.which  filled  the  gla^^s  before  it  waa  put  in  water,  is  in  quaa- 
itjty  the  same,  but  is  now  compressed  into  llie  smaller  space; 
liid  it  is  this  body  of  air  that  prevents  more  water  getting 
intD  the  glass. 

'.  Fa.  ITiat  is  the  reason :  for  if  you  tilt  the  glass  a  little  on 
I  sid^  a  part  of  the  air  will  escape  in  the  forin  of  a  bubble ; 
bd  then  tbe  water  will  rise  liigher  in  tbe  gloss:  and  this 
mpreasion  of  the  air  ia  more  or  less  in  proportion  to  the 
tpUi  to  which  it  is  made  to  descend. 
^^  Upon  this  simjile  principle  an  apparatus  has  been  invented, 
w  wliich  people  have  been  able  to  walk  about  at  the  bottom 
flf  the  sea  with  as  much  safety  as  upon  the  surface  of  tbe  earth. 
Tfie  first  invented  machine  of  this  kiud  was  subject  to  two 
great  disadvantages;  one  wa*  that  the  men  had  to  work  in 
the  water,  which  the  compressibility  of  the  air  admitted  into 
_. tbe  bottom  of  the  bell;  and  the  other  was,  that  the  air  within 
;  bell,  by  repeated  respiration,  soon  became  mephitic  and 
\&t  to  sustain  Ufe^  so  that  it  had  continually  to  be  drawn  up 
fresh  supplies;  it  was,  tlierefore,  very  little  employed 
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till  Dr.  Hallej,  more  than  a  centuiy  ago,  remedied  the  chiet 
defect  of  the  want  of  fresh  air,  and  improved  its  construction. 
Who  the  original  inventor  was  is  not  known.    Beckmaim,  in 
his  interesting  "  History  of  Inventions^''  relates  the  ciixmm- 
stance  of  two  Greeks,  at  Toledo^  in  the  sixteenth  oentorj, 
descending  beneath  the  water  in  a  machine  of  this  principle, 
and  in  the  presence  of  the  Emperor  Charles  V.,  and  manj 
thousand  spectators.     It  is  said  to  have  been  obscurely  men- 
tioned by  Aristotle,  b.c.  325,  and  to  have  been  first  used  in 
Europe  in  a.d.  15(^.     It  was  called  the  Diving  Bell,  and  was 
suspended  by  a  chain  from  a  ship  above  it 
Ch.  Was  it  made  in  the  shape  of  a  bell? 
Fa.  It  was:  and  as  great  strength  was  required  to  resist 
the  pressure  of  the  water,  he  caused  it  to  be  made  of  copper. 
This  is  a  representation  of  it.  The 
diameter  at  the  bottom  was  five 
fee')  that  of  the  top  three  feet; 
and  it  was  eight  feet  high.      To 
make    the  vessel  sink  vertically 
in  water,  the  bottom  was  loaded 
with  a  quantity  of  leaden  balls. 

Em.  It  was  as  large  as  a  good 
sized  closet.  But  how  did  he  con- 
trive to  get  light? 

Fa.  Light  was  let  into  the  bell  *'*«•  21. 

by  means  of  strong  spherical  glasses  fixed  in  the  top  of  the 
machine. 

Ch.  How  are  the  persons  who  dive  supplied  with  air? 
Fa.  Barrels,  filled  with  fresh  air,  were  made  sufiiciently 
heav}--,  and  sent  down;  such  as  that  represented  by  c;  from 
which  a  leathern  pipe  conmiunicated  with  the  inside  of  the 
bell,  and  a  stop-cock  at  the  upper-part  of  the  bell  let  out  the 
foul  air. 

Em.  The  men  seem  to  sit  very  contentedly  under  the  bell: 
yet  I  do  not  think  I  should  like  to  be  with  them. 

Fa.  Perhaps  not:  but  the  principal  inconvenience  which 
the  divers  experience  arises  from  the  condensation  of  the  air 
in  the  bell,  which  though  in  the  ale-glass  was  very  trifling, 
yet,  at  considerable  depths  in  the  sea  is  very  great,  and  pro- 
duces a  disagreeable  pressure  upon  all  parts  of  the  body,  but 
more  particularly  in  their  ears,  as  if  quills  were  thrust  into 
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ihenL  This  sensation  doea  not  Inst  long ;  for  the  air,  pressing 
through  the  pore.i  of  the  akin,  soon  heeomes  as  denae  within 
their  bodies  as  without;  uud  then  the  oetiM  of  pressure 
ceases. 

Em.  They  might  stop  their  ears  with  cotton. 

Fa.  One  of  them  once  thought  himself  us  cunning  as  you; 
«nd,  I'ur  the  want  of  cotton,  he  chewed  some  paper,  and  stulfed 
it  into  his  ears.  Astlie  bell  descended,  the  paperwiis  forcibly 
pressed  into  the  caTities,  and  it  was  with  great  difficulty,  and 
.wme  danger,  that  it  wjis  estrncled  by  a  surgeon. 

C/4.  Are  the  divers  able  to  remain  long  under  water? 

Fa.  Yes:  when  all  things  are  properly  arranged,  if  bus:-  ■ 
nesa  require  it,  ihey  will  stay  several  hours,  without  the 
smallest  difiiculty,  employing  themselves,  sometimes  in  clear- 
ing the  bottoms  of  harbours,  sometimea  in  laying  foundations 
of  buildings,  and  at  others  in  bringing  up  ail  kinds  of  mate- 
rinls  that  may  have  accidentally  sunk,  as  from  wrecks,  &c, 

£m.  But  how  do  they  get  up  again? 

Fa.  They  are  generally  let  down  from  a  ship,  and, 
taking  a  ropewith  them,  the  extremity  of  which  is  attached  to 
a  bell  in  the  vessel,  they  have  only  to  pull  the  string,  and  th« 
people  in  the  ship  draw  them  up. 

Ch.  What  does  the  figure  e  oatside  the  bell  represent? 

Fa.  A  man  detached  from  the  bell,  with  a  kind  of  inverted 
basket  made  of  lead,  in  which  is  fixed  another  flexible  lea- 
thern pipe?  to  give  him  fresh  air  fWira  the  bell  as  often  as  he 
fluy  hnd  it  necessary.  By  this  method  a  man  may  walk  to 
lie  distance  of  80  or  100  yards  fi-nm  the  machine. 

£tH.  It  is  to  be  hoped  his  comradea  will  not  forget  to  supply 
tin  with  air. 

Fa.  If  his  hcail  be  a  little  above  that  part  of  the  bell  to 
virbich  the  pipe  commiuiieatps,  he  can,  by  means  of  a  stop- 
Bfiock,  assist  himself  as  often  ns  he  requires  a  new  supply;  and 
'hat  man  ia  always  best  helped  who  can  help  himself. 

CA.  I  doubt  not  but  that  is  a  right  principle.     In  the  pra- 
ent  case,   I  am  sure,  it  would  be  exceedingly  wrong  to 
I  depend  on  another  for  that  which  might  be  done  by  oneself. 
"Has  the  Diving  Bell  been  applied  to  any  very  useful  pur- 
totes? 

Fa.  By  means  of  this  invention,  as  I  have  before  observed, 
ftik  great  number  of  valuable  commodities  have  been  recovend 
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from  wrecks  of  ships,  though  at  great  depths  in  the  sea.  Some 
very  heavy  and  valuable  articles  have  lately  beat  reocnrered 
by  it  from  the  Royal  George,  a  first-rate  man-of-war,  sonk 
by  accident  more  than  fifty  years  ago  at  Spithead. 

QUESTXONS  FOB  EXAMINATION. 


UpoA  what  principle  is  the  diTioi;- 
bell  made  ? — Explain  the  etructiire  of 
that  leiaeaented  in  Fig.  91. — In  thia 
machine  Iiow  are  dlren  iiq;iplied  with 


air?  — What  eensationa  dodlf«s  M 
under  water  P— How  avtdbmalKtaight 
op?—  To  what  pnipoee  ia  tba  divi^ 
bellapplied? 


CONVERSATION  XX, 
OF  THE  DiviNO  BELL — conimued. 

Father,  You  see  how,  by  this  contrivance,  the  parts  of 
wrecked  vessels  and  their  cargoes  are  saved  from  the  devour- 
ing ocean;  and  by  what  means  people  are  enabled  to  pursue 
the  business  of  pearl  and  coral  fishing. 

Em.  Have  there  been  no  accidents  attending  this  busi- 
ness? 

Fa*  There  are  very  few  professions,  however  simple,  the 
exercise  of  which,  either  through  carelessness  or  inattention, 
is  not  attended  with  danger.  The  diving-bell  proved  fatal  to 
Mr.  Spalding  and  an  assistant,  who  went  down  to  view  the 
wreck  of  the  Imperial  East-Indiaman  near  Ireland.  They 
had  been  down  twice;  but  on  descending  the  third  time, 
they  remained  about  an  hour  undeir  water,  and  had  two  bar- 
rels of  air  sent  down  to  them;  but  on  signab  from  below  not 
being  again  repeated,  after  a  certain  time  they  were  drawn 
up  by  their  assistants,  and  both  found  dead  in  the  bell.  This 
accident  happened  by  the  twisting  of  some  ropes,  which  pre- 
vented the  unfortunate  sufferers  from  announcing  their  wants 
to  their  companions  in  the  ship.  Mr.  Day  also  perished  at 
Plymouth  in  a  diving-bell  of  liis  own  construction,  in  which 
he  was  to  have  continued,  for  a  wager,  twelve  hours,  one 
hundred  feet  deep  in  water. 

Ch,  Did  these  accidents  put  an  end  to  the  experiments? 
Fa,  By  no  means,  but  have  led  to  several  improvements 
in  the  structure  and  use  of  the  machine.     After  the  improve- 
ments of  Mr.  Spalding,  Mr.  Smeaton,  in  1788,  in  order  to 
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etrrj  on  the  opemiiona  contemplated  in  Ramsgate  harbour, 

Tety  Bucceasfuily  made  use  of  a  square  cast-ii 

chest,  the  weight  oi'  which,  50  tiwt.,  was  heavy 

enough  to  «nk  itself.     It  was  +J  feet  in  height,   . 

the  same  numlier  of  feet  in  length,  and  3  feet  H 

wide  i  which  of  course  atforded  suffioient  room  foj 

two  men  at  one  time  to  work  under  it, 

Em.  What  are  those  round  things  at  the  top  o 
the  mai'hine? 

Fa.  They  are  four  strong  pieces  of  glass,  to  admit  the  light. 
The  great  advantage  whicli  tjiis  had  ovei  Dr.  HaUej's  hell 
was,  that  the  divers  were  supplied  with  a  conetant  inJ^ux  of 
air,  without  any  attention  of  their  own,  by  means  of  a  forcing 
air-pump,  worked  in  a  boat  upon  the  surface  of  the  water  ' 
over  them. 

Diving-bells  have  latterly  been  much  used,  especially  by 
Mr.  Rennie,  in  the  construction  of  the  various  harbours  he 
projected;  and  they  have  also  been  guceessfully  employed  in 
deepening  the  Clyde  between  Gksgow  and  Greenock,  and 
improving  the  navigation  of  the  river. 

CA.  T^t  is  not  represented  in  the  plate. 

Fa.  Look  to  the  nest  figure,  which  is  a  diving  ~~~^ 
machine  of  a  different  construction,  invented  by 
Mbe  very  ingenious  lecturer,  Mr.  Adam  Walker,* 
■^  This  machine  is  of  the  shape  uf  a  conical  tub; 
^nt  little  more  than  one-third  as  large  us  Mr. 
fimeaton's.  The  balls  at  the  bottom  are  com- 
posed of  lead,  sufficiently  heavy  to  make  it  sink 
of  itself:  a  bent  metal  tube,  a  be,  is  attached  to 
the  outside  of  the  machine  with  a    atop-cock, 

1  a  flexible  leathern  tube  to  the  other  end,  c:      *''e-  *>■ 

I  tnbe  is  connected  with  a  forcing   air-pump,  d,  whicli 
Nind&atly  supplies  the  diver  with  fresh  air. 

£m.  Can  he  move  about  with  the  machine? 

Fa.  Most  readily;  for  the  pressure  of  the  water  being 
Iqoal  on  all  sides,  he  meets  with  very  little  resistance;  and 
"e  ropes  and  leathern  tube  being  flexible,  he  can,  with  the 
"  ' '  le  over  his  head,  walk  about  aeveral  yards,  in  a  perpen- 
'  posture;  and  thus,  having  a  more  ready  access  to 

■  fiM  Walker')  8r<tcm  of  Kunnl  niUgaaph]',  3  Toll.  410. 
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objects  under  water  than  in  a  cumbrous  bell»  he  can  easilj 
fasten  ropes  to  them,  and  perform  what  may  be  neoeaaary 
nearly  as  well  as  on  dry  land.  Mr.  Walker  says,  that  tl« 
greatest  part  of  the  valuables  saved  from  the  rich  abip  Bel* 
gioso  was  taken  up  by  this  belL  The  following  anecdote^ 
given  by  this  gentleman,  imiy  prove  interesting  to  ay  younger 
readers. 

"  As  the  diver  had  plenty  of  air  to  spare,  he  thought  a 
candle  might  be  supported  in  the  bell,  to  enable  him  to  de- 
scend by  night.  He  made  the  experiment,  and  presently 
found  hhnself  surrounded  by  fish;  some  very  large,  and  many 
such  as  he  had  never  seen  before.  They  sported  abont  the 
bell,  and  smelt  at  his  legs,  as  they  hung  in  the  water.  This 
rather  alarmed  him,  for  he  was  not  sure  but  some  of  the 
larger  ones  might  take  a  fancy  to  him:  he  therefore  rang  his 
bell  to  be  taken  up,  and  the  fish  accompanied  him  with  much 
good  nature  to  the  surface." 

But  diving  is  also  carried  on  without  the  Diving-bell  by 
means  of  certain  mechanical  apparatus  to  supply  the  diver 
with  fresh  air  and  light,  and  leave  him  the  free  use  of  his 
arms  and  legs.  Borelli  contrived  a  diving  bladder,  of  brass 
or  copper,  two  feet  in  diameter,  to  contain  the  diver's  head, 
which  was  fastened  to  a  goat-skin  covering.  A  Mr.  Deane, 
cm  the  west  coast  of  Scotland,  improved  on  this,  by  ccmstruct- 
ing  a  copper  helmet,  furnished  with  all  necessary  apparatus 
for  breathing  and  seeing,  and  with  a  water-proof  dress,  so 
that  the  diver  could  remain  five  or  six  hours  under  water  per- 
fectly dry,  and  thus  be  enabled  to  bring  up  considerable  trea- 
sure fVom  the  bottom  of  the  sea. 

QUESTIONS  FOR  BXAMITTATION. 


Hare  pearl  and  coral  fishing  b«en 
attended  with  aoddentJ  ?— What  la  the 
Rtructure   ot  Mr.    Smeaton*!   dlTing- 


machine  ? —  Explain  the  nature  of  Uke 
one  Inyented  bj  Mr.  Adam  Wafter. 


CONVERSATION  XXI. 

OP   PUMPS. 


Father,  Here  is  a  glass  model  of  a  common  household* 
pump,  which  acts  by  the  pressure  of  the  atmosphere  on  the 
surface  of  the  water  in  which  it  is  placed. 


1b  tttiB  like  the  puup  IkIow  stairs  ? 
Fa.  The  prindple  is  exactly  ibe  aaiDe:  o  repre- 
ring  of  wood,  or  metal,  with  pliable  leather 
■  round  it  to  fit  the  cylinder  a.     Over  the 
irbole  is  %  valve  of  metal  covered  with  leather,  of 
Whieh  a  port  server  as  a  hinge  by  which  the  valve  i 
nay  open  and  shut. 

CA.  What  is  a  valve,  Papa  ?  Fig.  «. 

fa.  It  may  be  described  as  a  kind  of  lid  or  tn^door,  that 
opens  one  way  into  a  tube,  but  which,  the  more  forcibly  it  is 
reased  the  other  way,  the  cl(»er  the  aperture  is  shut:  so  Ihnt 
admits  the  entrance  of  a  fluid  into  the  tube,  but  prevctitg  iis 
iturn;  or  permits  it  to  escape,  and  prevents  its  re-entrance. 
Attend  now  to  tlie  tigure.     Th«  handle  and  rod,  r,  end  in  a 
rk, «,  which  passes  through  the  pbton,  and  is  screwed  fast  to 
on  the  under  side.     Below  this,  and  over  b  tube  of  ii  sninller 
>re,  as  ;,  is  another  valve-,  i,  opening  upward,  which  admits 
le  water  to  flow  up,  but  not  to  run  down, 
£m.  That  valve  is  open  now;  by  which  we  see  the  size  of 
K  lower  tube:  but  J  do  not  perceive  the  upper  valve. 
la.  It  is  supposed  to  be  shut,  and  in  this  situation  the 
isfon  a  ie  drawn  up,  and,  being  air-tight,  the  column  of  air 
1  its  top  is  removed,  leaving,  consequently,  a  vacuum  in  the 
trt  of  the  cylinder  between  the  piston  and  the  lower  valve. 
CA.  Inoweee  the  reason  of  lifting  up  the  handle,  to  pump 
I  the  water:  because  the  piston  then  goes  down  to  the  lower 
dve,  and  by  its  ascent  afterwards  the  vacuum  is  produced. 
Fa.  And  the  closer  the  piston  is  to  the  lower  valve,  the 
ore  perfect  will  be  the  vacuum. 

You  know  that  there  is  a  pressure  of  the  air  on  all  bodies, 
aa  or  near  the  surface  of  the  earth,  equal  to  about  12  or  15 
puuuds  on  every  square  inch.  This  pressure  upon  the  water 
in  the  well,  into  which  the  lower  end  of  the  pump  is  fixed, 
ibrces  the  water  into  the  tube  s  afcove  its  level,  as  high  as  I. 
Ch.  What  becomes  of  the  air  that  was  in  that  port  of  the 


Fa.  Yon  shall  see  the  operation.    I  will  put  the  model  into 
dish  of  water  which  now  stands  at  a  level,  in  the  tube  t, 

wiUi  the  water  in  the  dish.     I  draw  up  the  piston  a,  which 

causes  a  vacuum  in  the  cylinder  a. 
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Em.  But  the  yalve  t  opens;  and  now  the  water  has 
as  high  as  L 

Fa.  Because,  when  the  air  was  taken  out  of  the  cylinder 
Af  there  was  no  pressure  upon  the  valve  t,  to  balance  that 
beneath  it;  consequentlj  the  air  in  the  tube  z  opens  its  Tslre 
t,  and  part  of  it  rushes  into  a.  But  as  soon  as  part  of  the 
air  had  left  the  tube  z,  the  pressure  of  the  atmosphere  upon 
the  water  in  the  dish  was  greater  than  that  of  the  air  in  the 
tube,  and  therefore,  by  the  excess  of  pressure,  the  water  is 
diKven  into  it  as  high  as  /. 

Ch.  The  valve  t  is  again  shut. 

Ja.  That  is,  because  the  air  is  diffused  equally  between 
the  level  of  the  water  at  /  and  the  piston  a  ;  and  thereforo  the 
pressures  over  and  under  the  valve  are  equal :  and  the  reason 
that  the  water  rises  no  higher  than  /  is,  that  the  air  in  that 
space  is  not  only  equally  diffused,  but  is  of  the  same  density 
as  the  air  without.    Push  down  the  piston  a  again. 

Em.  I  saw  the  valve  in  the  piston  open. 

Fa.  For  the  air  between  the  piston  and  valve  t  could  not 
escape  by  any  other  means  than  by  lifting  up  the  valve  in  a. 
I  will  draw  up  the  piston. 

Ch.  The  water  has  risen  now  above  the  valve  t,  as  high 
as  tn. 

Fa.  I  dare  say  you  can  tell  the  cause  of  this. 

Ch.  It  is  tliis.  By  lifting  up  the  piston,  the  air  that  was 
between  I  and  the  valve  t  rushed  into  a,  and  the  external 
pressure  of  the  atmosphere  forced  the  water  after  it. 

Fa.  You  are  right.  And  now  that  portion  of  air  re- 
mains between  the  surface  of  the  water  m  and  the  piston. 
The  next  time  the  piston  is  forced  down,  all  the  air  must 
escap>e,  the  water  wiU  get  above  the  valve  in  the  piston,  and, 
in  raising  it  up  again,  it  will  be  thrown  out  of  the  spout. 

Em.  Will  the  act  of  throwing  that  out  open  the  lower 
valve  again,  and  bring  in  a  fresh  supply? 

Fa.  Yes :  every  time  the  piston  is  elevated,  the  lower 
valve  rises,  and  the  upper  valve  falls;  but  every  time  the 
piston  is  depressed,  the  lower  valve  falls,  and  the  upper  one 
rises. 

Em.  This  method  of  raising  water  is  so  simple  and  easy, 
that  I  wonder  people  should  take  the  trouble  of  drawing 


Iter  np  from  deep  wells,  when  it  might  be  obtained  so  much 

sier  by  a  pump. 

Fa.  I  WBS  going:  to  tell  you,  that  the  action  of  pumps,  so 
tesutiful  'and  simple  us  it  is,  is  very  limited  ia  its  operation, 
iff  the  water  in  the  well  be  more  than  32  or  33  feet  from  the 
■wive  i,  you  may  pump  for  ever,  but  without  any  effect. 

Ch.  That  Beems  strange;  hut  why  33  feot  in  particular? 

Fa.  1  have  already  told  you  that  it  ia  the  weight  of  the 
■tmoaphere  which  forces  the  water  into  the  vacuum  of  the 
pump:  DOW,  if  this  weight  were  unlimited,  the  action  of  the 

Samp  would  be  so  likewise:  but  the  weight  of  the  atmosphere 
only  about  14  or  15  pounds  on  every  square  inch;  and  a 
oolumn  of  water,  of  about  33  or  34  feet  in  height,  and  whose 
rfaee  is  one  square  inch,  weighs  also  14  or  15  pounds. 
Ck.  Then  the  weight  of  the  atmosphere  would  balance  or 
,)Eeep  in  equilibrium  only  a  column  of  water  of  33  or  34  feet 
bigh,  and  consequently  could  not  support  u  greater  column  of 
water,  much  less  have  power  to  r.iise  it  up. 

Em.  A  pump,  then,  would  be  of  no  use  in  the  deep  wells 
■which  we  saw  near  the  coast  in  Kent. 

Fa.  None  at  all:  the  piston  of  a  pump  should  never  be 

t  to  work  more  than  28  feet  ntove  the  water,  because,  at 

nie  periods,  the  pres.sure  of  the  atmosphere  is  so  much  leas 

w\  at  others,  tliat  a  column  of  water,  something  more  than 

8S  feet,  will  be  equal  to  the  weight  of  the  air.     In  fact, 

ihhough  in  theory  the  limit  of  the  height  to  which  water  may 

Ite  raised  by  the  sucking  pump  from  the  surlace  of  the  fluiJ 

Ito  the  bigliest  point  iu  34  feet,  which  is  the  height  of  a 

«oluron  of  water   that  balances  the  pressure  of  the  atmo- 

^ihere,  yet  from  the  impracticability  of  making  the  apparatus 

jferfectly  air-tight,  it  cannot  be  rmsed  above  28  feet  in  pumps 

tX  ordinary  construction. 

'    Th«  pnmp  we  have  been  describing  is  called  the  Sucking 
JPump;  there  are  two  other  kinds,  called  the  Forcing  Pnmp, 
the  CAain  Pump,  which  shall  form  the  subject  of  our 
:t  conversation. 


Uw  o(  th«  n 


QUESTIONS  FOR  EXAMINATION. 

b/Fig.  Si  hnv  (he  |  than  33  r»t<]eep?~To  1 
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CONVERSATION  XXU 


Ckarlet.  Wlij  is  this  called  the  fomng-pump?  i 

Fa.  BettOM  it  not  only  niseB  the  water  into 
the  barrel  like  the  oominoii  pump,  but  afterworda 
forces  it  ap  into  the  reservoir  k  k.  ^  i  .1 

£m.  How  b  that  operatiwi  performed,  Fapa?    'S  s 

Fa.  The  pipe  and  barrel  are  the  same  aa  in  ^"^j 
the  other  pomp;  but  the  piston  has  no  valve:  it 
ifl  solid  and  heavy,  and  made  air-tigbt,  so  that  no      n,  u 
water  can  get  above  it.  ^' 

Ck.  Does  the  water  come  up  through  the  valve  a,  as  it  did 
in  the  last? 

Fa.  By  raising  up  the  piston,  or,  as  it  is  generally  called, 
the  plunger,  g,  a  vacuum  is  made  in  the  lower  part  of  the 
barrel,  into  which,  by  the  pressure  of  the  air,  the  water  rushes 
from  the  well,  as  you  shall  see. 

£m.  And  the  valve  is  shut  down. 

Fa,  The  water  not  being  able  to  go  bsck  again,  and  being 
a  fluid  that  is  nearly  incompressible,  when  the  plunger  is 
forced  down,  it  escapes  along  the  pipe  ■,  and  through  the 
valve  b  into  the  vessel  k. 

Ch.  Though  the  water  stands  no  higher  than  h,  yet  it  flows 
through  the  pipe  f  to  some  height. 

Fn.  The  pipe  f  i  is  fixed  into  the  top  of  the  vessel,  and  is 
made  ur-tight,  so  that  no  air  can  escape  out  of  it  oAer  the 
water  is  higher  than  i,  the  edge  of  the  pipe. 

£m.  Then  the  whole  quantity  of  air  which  occupied  the 
space  F  i  is  compressed  inta  the  smaller  space  h  f. 

Fa.  You  are  rightj  and  therefore  the  extra  pressure  tm 
the  water  in  the  vessel  forces  it  through  the  pipe,  as  you  see. 

Ch.  And  the  greater  the  condensation,  tliat  is,  the  more 
water  you  force  into  the  vessel  x,  the  higher  the  stream  will 
mount. 

Fa.  Certainly:  for  the  forcing-pump  difiers  from  the  last 
in  this  respect:  that  there  is  no  limit  to  the  altitude  to  whieh 


■^irnter  tany  be  tlkrowit,  siiiee  the  tur  may  be  condemed  to 
dmost  any  degree. 

The  wnter-works  at  old  London-bridge,  alluded  to  in  a 
_(ievious  L-onversation,  esliibited  a  tiioet  cjirioun  engine,  eon- 
Mructed  upon  the  principle  of  the  forcing-pump:  the  wheel- 
work  was  so  contrived  as  to  move  either  way,  as  the  tide 
changed.  By  these  works  140,000  hogsheads  uf  water  were 
riu?ed  every  day. 

£m.  It  there  any  rule  to  calculate  the  height  to  which  an 
en^ne  will  throw  water? 

fa.  If  the  condensation  of  the  air  be  doable  that  of  the 
ptniospherc,  its  pressure  will  raise  water  33  f(«t:  if  the 
I 'condensation  be  increased  threefold,  the  water  will  reach  66 
'feet;  and  so  on,  allowing  the  additimi  of  33  feet  in  height  for 
le  of  one  to  the  number  that  expressed  the  air's 
'  tendensntion. 

Ch.  Are  flre-enginea  made  in  this  manner? 
Fa.  They  are  all  constructed  on  the  same  principle;  bnt 
ftere  are  two  barrels  by  wliich  the  water  is  alternately  driven 
Into  the  air-vesBel.  By  these  means  the  condensation  is  much 
increased:  the  water  rushes  out  in  a  continued  stream,  and 
with  such  velocity,  that  a  raging  fire  is  rather  dashed  out  than 
extinguished  by  it. 

'     Garden -engines  are  also  constructed  on  a  principle  similar 
%)  that  we  hiive  been  describing. 

"    This  figure  h  the  rcpi-esentation  of  a  method  of   Aj^v^ 
huaing  water  from  wells  of  eonsidernhle  depth.  ^^^\ 

'    Em.  Is  it  a  more  conTenient  method  than  the  *  || 
%Iieel  and  axle?  11 

Fa.  The  wheel  and  axle  are  adopted  merely  to  ^Jt% 
-0raw  up  water  by  buckets:  whereas  the  rope-piiraji  ^^H 
ll  intended  to  throw  water  into  a  reservoir  nt  aJmost  I  ^  I 
any  height,  ft  consists  of  three  hair  ropes  parsing  F't--  ^o- 
**""~Tr  the  pulleys  a  and  b,  which  have  three  grooves  in  each. 
_  .e  lower  puJIey.  b,  is  immersed  in  the  water,  in  which  it  is 
%ept  suspended  by  a  weight,  x.  The  pulleys  are  tamed  round 
irith  great  velocity  by  multiplj-ing  wheels,  and  the  cords  in 
Vieir  ascent  carry  up  a  considerable  quantity  of  water,  which 
Y  discharge  into  the  box  or  reservoir  t,  from  which,  by 
I,  it  may  be  conveyed  elsewhere.  The  ropes  must  not 
e  than  ttboat  an  inch  apart. 


284  HYDROSTATICS. 

JSm.  What  is  the  reason  of  that,  Papa? 

Fa,  Because,  in  that  case,  a  kind  of  column  of  waler  will 
ascend  between  the  ropes,  to  which  it  adheres  bj  the  pressure 
of  the  atmosphere. 

Ch,  Ought  not  this  column,  in  its  ascent,  to  fall  back  by  its 
own  gravity? 

Fa.  And  so  it  would,  did  not  the  great  veloci^  of  the 
ropes  occasion  a  considerable  rarefaction  of  the  air  near  them; 
consequently  the  adjacent  parts  of  the  atmosphere  pressing 
towards  the  vacuity,  tend  to  support  the  water. 

Em.  Can  any  considerable  quantity  of  water  be  raised  in 
this  way. 

Fa.  At  Windsor  there  is  a  pump  of  this  kind  which  wiU 
raise,  by  the  efforts  of  one  man,  about  9  gallons  of  wster  in  a 
minute  from  a  well  95  feet  deep.  In  the  beginning  of  the 
motion,  the  column  of  water  adhering  to  the  rope  is  always 
less  than  when  it  has  been  worked  for  some  time,  and  the 
quantity  continues  to  increase  till  the  surrounding  air  par- 
takes of  its  motion.  There  is  also  another  of  these  pumps  at 
the  same  place,  which  raises  water  from  the  well  in  the  round 
tower,  178  feet  in  depth. 

Ch.  What  is  a  Chain-pump,  Papa? 

Fa.  A  Chain-pump  is  generally  used  in  ships  of  war,  and 
consists  of  an  endless  chain  moving  over  a  wheel  on  the  gun- 
deck,  which  is  turned  round  by  winches,  and  over  a  roller  in 
the  pump  well,  having  flat  circular  pistons  at  certain  intervals. 
Near  the  pump-well  and  where  the  chain  ascends  there  is  a 
pipe,  through  which  the  circular  pistons  raise  the  column  of 
water,  which  being  lifted  over  the  upper  orifice  of  the  pipe, 
falls  into  the  cistern,  and  thence  into  the  waste-pipe  called  the 
pump'dale^  which  carries  it  overboard:  the  descending  chain 
falls  through  another  place  called  the  back-case.  In  large 
ships  these  pumps  can  throw  out  a  ton  a  minute. 

Ch.  You  told  us,  some  time  ago,  that  when  we  had  seen 
the  nature  and  understood  the  construction  of  valves,  you 
would  explain  the  action  of  the  water-press,  called  the  Hy- 
draulic-press. 

Fa.  This  is  a  good  time  for  the  purpose;  and  with  it  I 
shall  conclude  our  hydrostatical  conversations. 

You  must  turn  back  to  fig.  14.  d  is  a  strong  cast-iron 
cylinder,  ground  very  accurately  within,  that  the  piston  e  may 
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^t  exceedingly  close  and  well.  I  need  scarcely  tell  you  that 
little  figure  repreaenta  a  tbrcijig-pump,  with  a  solid  pislon, 
t,  *nd  &  Tslve,  n,  that  opens  upwards,  through  which  the 
water  ia  brought  into  the  pipe  no.  By  bringing  down  the 
{dston  c,  the  water  in  no  ia  forced  through  the  valve  x  into 
■Hie  bottom  of  the  cylinder,  und  thereby  drives  up  the  piston  e. 

Ck.  What  does  m  represent? 

Fa.  A  bundle  of  hay,  or  bag  of  cotton,  or  any  other  sub- 
stance that  it  may  be  desirable  to  bring  into  a  compass  twenty 
or  thirty  times  less  than  it  usually  occupies. 

£m.  I  see  now  the  whole  operation:  the  more  water  there 

forced  into  eo,  the  higher  the  piston  is  lifted  up,  by  wliich 
tiie  substance  m  is  brought  into  a  smaller  space. 

Fa.  Every  time  the  handle  s  is  lifted  up,  the  water  rushes 
in  from  the  well  or  cistern,  and  when  it  is  brought  down,  the 
Water  must  be  forced  into  the  cylinder.     The  power  of  this 

gine  is  only  limited  by  the  strength  of  the  materials  of  which 

is  mode,  and  by  the  force  applied  to  it. 

Mr.  Walker  says,  a  single  man,  working  at  s,  can,  by  a 
Bochine  of  this  kind,  bring  hny,  cotton,  &c.,  into  upwards  of 
twenty  times  less  compass  than  it  was  before;  consequently,  a 
vessel  carrying  light  goods  may  be  made  to  contain  twenty 
times  more  packages  by  means  of  the  hydraulio-press,  than  it 
could  without  its  assistance. 

inosS  FOR  SXAUINAIIOK. 

plrUn  tli«  itrnotnn  and  opentlons  af 
the  ropc-purap?  —  Hqw  much  water 
nlU  the  ropC'pump  Ht  Wln<1flgr  mlvt  Ln 
■  mjnute,  »od  from  what  di^th?  — 
Eiplain  tha  mtii™  of  the  WBttr-pnm 
u  It  l»  uthibiwa  hi  the  mh  figure.  — 
Whut  can  bo  done  wiUi  it  V 


DEFINITIONS  EXPLAEUED. 

1.  ^nirMtoMn  U  m  bnoch  of  naCunU  plilloiopbjr  that  tntti  of  the  nBInn, 
gnrltjr,  pitman,  uid  moUan  of  flnldn  in  gnuml. 

>.  Thii  idencc  ia,  by  loino  autiion,  divided  info  two  dlrtiiict  p«rt»— ria.. 
Jl^dnuduici  and  Hydr^alia  /  till]  UttuT  relates  paniculul;  tu  (lie  mollon  uf 
Wmter  Uumigh  pipes,  condulta,  ke. 

,    >.  A  Quid  iia  body  theparlaoCwhlch  ;leld  to  ui/lmpmsion,  and  in  ]>leldlng 
^  cuUt  moved  uaoDg  «aeh  other 
~'   Tbt  ■IrirabmUigiiafiald;  thepiitaof*hI«h  yield  to  thsteutprfUan. 


Cu  Ton  describe  toe  Ibrdng-pump  ? 
^In  what  doo  the  forcing  dlfl^  from 
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•.  Hm  ptrttoletor  wMek  Mil  an  muda,  u%  wppoirt  to  l»  mmiiniiHy 
fanall,  raniid,  aodnBOOth. 
6.  Tbef  are  Ukewiie  imagtaMd  to  be  Tery  hud,  tad  afawMt  ineopiUe  of 


f.  TboporttolMofwatarkaTebiit  AiUslitottnotkiiiibroBoaBoClMr. 

8.  Floidi  picts  In  all  dineUoM  equally. 

9.  A  portton  <tf  any  kbd  of  tau  gravttatee  in  another  wlien  aamwilad  hy  a 
larfer  portioii.  In  the  MBM  way  ai  If  It  wm  in  tteair. 

10.  A  fluid  presses  in  proportioii  to  its  perpendicular  hei^t,  and  Hm  taM  of 
the  Teasel  ocmtaining  it,  without  any  regard  to  the  quantity. 

11.  The  spedfle  gratity  of  any  body  ii  its  weight  oompared  with  any  other 
body  I  or  naon  gwerally. 

12.  By  spedflo  gravities  is  meant  the  relatiTe  weights  of  equal  balks  of 
different  sabstanoes. 

la.  ThelateralorsidepnssBnof  Mdsiteqpd  totheperpendioalarpfesHire. 
14.  The  hydrostatio  paradox  Is^  **  That  any  quantity  of  water,  hoiwever  saall, 
may  be  made  to  balance  and  support  any  quantity,  bowerer  large.** 

16.  The  pressure  of  water  and  other  fluids  diflbrs  ttom  its  gratlty  or  weight 
in  tills:  that  the  Wright  U  aooording  to  tiM  quantityi  b«t  the  prsosan  is 
aooording  to  the  petpsnidSoular  height. 

141.  The  pressure  of  fluids  against  the  separate  parts  of  the  ride  of  any  Tessd, 
taken  horixontaOy,  inereases  as  the  odd  numbers  1,  9,  »,  T,  ke. 

17.  The  pressure  against  the  whole  aide  of  a  yessel  must  vary  as  tha  sqTS  of 
the  depth  of  the  teasel. 

18.  Of  three  vessels,  whose  depths  are  as  1,  3,  and  ^,  the  pressure  against  the 
side  of  the  second  will  be  four  times  greater  than  that  against  the  first,  and  the 
pressure  agabist  the  side  of  the  third  will  be  nhie  times  greater  than  that  against 
the  first. 

1ft.  In  any  cubical  vessel,  the  pressure  sgainst  any  one  side  is  equal  to  half  the 
pressure  upon  the  bottom :  *and  of  course  the  pressure  upon  the  fbur  sides  is 
equal  to  twioe  the  pressure  upon  the  bottom. 

20.  The  pressure  of  any  fluid  upon  the  bottom  and  four  sides  of  a  cubical 
vessel  is  equal  to  three  timen  the  weight  of  the  fluid. 

31.  The  pressure  of  the  fluid  in  any  oonical  VMsel  is  fliund  by  multiplying  Uie 
base  by  the  whole  perpendicular  height;  thereibre  the  pressure  will  be  equal  to 
three  times  its  weigtit. 

22.  The  Telocity  with  whioh  water  spouts  out  at  a  hole  in  the  aide  or  bottom 
of  a  vesfel  ii  as  the  square  root  of  the  distance  of  the  hole  below  the  surfboe. 

93.  The  pressure  against  the  side  of  a  vessel  increases  in  proportion  to  the 
square  of  the  depth ;  but  tiie  velocity  of  a  spouting  pipe  increases  only  as  the 
square  root  of  the  depth. 

24.  The  horisontal  distance  to  which  a  fluid  will  spout  firom  a  horiaontal  pipe 
in  any  part  of  an  upright  vessel  below  the  surface  of  the  fluid,  is  equal  to  twice 
the  length  of  a  perpendicular  to  the  side  of  the  vessel,  drawn  fh>m  the  mouth  of 
the  pipe  to  a  semicircle  described  upon  the  altitude  of  the  vessel. 

26.  Of  several  pipes  placed  horixontally  in  the  side  of  an  upright  vessel,  that 
In  the  centre  will  spout  the  furthest  t  and  pipes  at  equal  distances  from  the 
centre,  above  and  below,  will  spout  to  equal  distances. 

94.  In  pipes  pUeed  obliquely,  tlmt  whose  elevation  is  46*^  will  spout  the 
fbrthest ;  and  those  placed  at  equal  angles  above  and  below  46^,  will  spout  to  tha 
iasM  point. 

91.  Water  will  not  rise  ao  high  in  ajet,  asit  does  in  atube. 
38.  Bodies  heavier  than  water  will  sink  in  it,  and  those  that  are  lighter  thaa 
tlia  fiaid  wiU  swim. 
99.  Pure  nUn  water,  which  is  the  usual  standard  for  oomparing  tha 
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jhU  Of  b> 
pvActly  a  tltoiiumd  oi 

to,  Tbu  spedflc  gnvilf  gf  tx 
'trticii  Ibe  bulla  tic  Uietune. 

A  taUd  Immcncd  in  nitir  nitBloi  ■  preeiure  on  nil  ^des.  whii 

'"  "    """    How  nbotii  thi  lolid. 

A  body  iiwcUcallx 
b  bclinr  Uia  ncAce,  ibM 
^oBt  wlileh  !•  beloff  ibc  k 

13.  Th«  iDttnriDent  for  comptuHog  tkt  ipoeifle  e'v'lT  "^  loUd*  li  caUod  tba 
BTd)«[*ac  BilanFc. 

SI.  The  RilB  Ibr  obtaining  llie  tpHillc  gnvllyot  ■  bodr  It  UiJi:  "  Wdgh  the 
bodj' Bnt  in  air :  Uicutn  wnlcr.obHm  wbat  It  Iohi  by  being  wdgbed  in  water- 
Id  b;  dividing  the  former  neigbt  bj  tbc  lou  nutalaed,  the  reuiltli  iu  ipecUla 
rmrtty- 
19.  E<r«7  boiy.  irhro  iminri^nl  in  mlrr.  Imn  u  moch  of  its  weight  u  it 

le.  If  thF  nunc  bodr  be  irelKlied  in  dlfllnnnt  told*,  the  ipeciSc  graill)'  uf  Uic 
■Ida  wiU  be  a>  the  nHghU  loit. 
■T.  Tile  ipceiflo  gravitj  oi  bodlei  are  to  one  another  Inreneljr  as  the  wdghU 

■s.  Tbc  InAtament  Ibr  comparing  the  ipcdflc  griTlllH  of  lifjiUda  li  eallcd  Uie 

tS'  TbB  nydnmuter  ix  lued  in  hrcw^erlea  and  diamierlea  to  aKcrtain  the 
rongtb  of  tbe  Uqaon.  and  by  tiie  exdac  oBlcerB  to  gauge  the  ipiritfl  in  order  to 
iWentainthednllalobepiIdtothereiennE. 

40.  All  bDdiM  that  Boat  nn  tbe  lurface  of  water  diiplace  aa  much  flotd  as  li 


reopje  in  danger  of  drowning  abovld  never  ndiu  Uudr  nrnu  uid  buids 
the  water,  and  then  Ihey  cannot  dnlc. 

Clear  water  1*  alwa)-!  one-roorth  part  deeper  Ihsn  It  itppeari  lobe. 
■4i.  A  qrpbon  Bi  abent  Inbe  with  unequal  lega.— The  cause  of  iu  action  it 
Iring  lo  llie  prcunn  of  the  atmwpbere  added  to  the  preponderance  of  weight 
ithelongMt  leg. 

M.  Tbn  diving-bell  ii  an  eioptr  vaaKl  Inverted  and  made  lufficlenllr  heavy 
trink  In  water. 

41.  rumjfl  for  raining  water  are  of  two  kjndi.  the  nicking  and  the  forcing' 
■unp. 

4s.  TliB  water  in  a  ■nddDg-pBRip  it  rained  fWfm  the  well  bj  the  preMute 
be  •tmoapheiT  i  and  It  can  be  raiwd  by  ttuD  tneaua  alwut  31  feel,  UieoreUcallir. 
bt  practically,  only  !jft  feet. 
«B,  A  tbrdng-iHiaip  li  nnllmlted.  In  regard  to  tbe  lieight  to  which  it  may  ralae 

n  equiible  itreun. 

o  luuTcU,  with  plttona 
iHag  Bp  and  down  allemalety. 

I>.  Plungera  are  piatoni  that  nearly  Gil  the  working  barrel :  tli«e  da  not  act 
'  the  pirssnre  of  the  aunosphen. 

t3.  Valvea  are  of  larloDi  Modi:  (he  bn(  are  technically  devrlbed  al  the 
Hk-Tmlre,  the  batUm  and  tail  valve,  tbe  conksl  valve,  and  Uie  globular  valre. 
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PNEUMATICS. 


FIRST    CONVERSATION. 


OP  THE  NATURE  OF  AIK. 


FATHEB  —  CHABLES EMMA. 

Father.  That  brancli  of  natural  philosophy  which  is  called 
Pneumatics  treats  of  the  mechanical  properties  of  elastic  fluids^ 
and  especially  of  atmospheric  air — ^that  is,  of  the  nature,  weight^ 
pressure,  and  elasticity  of  the  air  which  we  breathe,  and  oUier 
f  uids,  and  likewise  of  the  several  effects  dependent  upon 
these  properties:  it  takes  its  name  from  the  Greek  word 
pneuma  (vvevfxa)  "  air,  or  breath." 

Ch,  You  told  us,  Papa,  a  few  days  ago,  that  the  air,  though 
to  us  invisible,  is  a  fluid;  but  it  surely  differs  very  much 
from  those  fluids  which  you  described  when  treating  of 
Hydrostatics. 

Fa,  It  does:  but  bring  to  your  recollection  the  terms  by 
which  we  defined  a  fluid,  and  you  will  find  some  agreement. 

Ch,  You  distinguished  a  fluid  as  a  body,  the  parts  of  which 
yield  to  the  least  pressure. 

Fa,  The  air  in  which  we  live  and  move  will  answer  to 
this  definition.  Since  we  are  continually  immersed  in  that 
element,  as  fish  are  in  the  water,  if  the  parts  did  not  yield  to 
the  least  force,  we  should  be  constantly  reminded  of  its 
presence  by  the  resistance  made  to  our  bodies;  whereas  per- 
sons unaccustomed  to  think  on  these  subjects  arc  not  even 
aware  that  they  are  surrounded  with  a  fluid,  the  weight  and 
pressure  of  which,  if  not  counterbalanced  by  some  other 
power,  would  instantly  crush  the  human  frame. 

£m.  In  a  still  calm  day,  when  we  can  scarcely  discern  a 
single  leaf  in  motion,  it  is  difficult  to  conceive  the  existence 
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of  sacli  a  fluid;  but  when,  as  ThcMiison,  in  his  ^*  Summer,'' 
fcrciblj  expresses  it, 

'»•••«••    down  At  onMf 
Fkvdpitant  dwowidi  a  mingled  man 
Of  roaring  winds,  and  flames,  and  rnehing  iloodf, 

no  doubt  can  remain  as  to  the  existence  of  some  mighty  un- 
seen power. 

C%.  Bj  this  quotation,  Emma,  you  take  it  for  granted  that 
the  air  and  the  winds  are  the  same. 

Fa.  This  is  really  the  fact,  as  we  shall  prove  by  and  bye. 

Ck.  But  I  am  not  yet  quite  satisfied  that  the  air  is  such  a 
body  as  you  have  described. 

Fa,  I  do  not  wish,  nor  do  I  intend,  to  proceed  a  single  step 
till  I  have  made  you  perfectly  understand  this  point.  Yott 
see  how  easily  those  gold  and  silver  fish  move  in  the  water. 
Can  you  explain  the  reason  of  it? 

Ch.  Is  it  not  by  the  exertion  of  their  fins? 

Fa,  A  fish  swims  by  the  help  of  his  fins  and  tail;  and  fish 
in  g^end  are  nearly  of  the  same  specific  gravity  with  water. 
Take  away  the  water  from  the  vessel,  and  the  fish  would 
still  have  the  use  of  thdr  fins  and  tail^  at  least  for  a  short 
period. 

Em,  And  they  would  flounder  about  at  the  bottom. 

Fa,  Now  consider  the  case  of  birds,  how  they  fly.  The 
swallow,  for  instance,  glides  as  smoothly  along  in  the  air  as 
fish  do  in  the  water:  but  if  I  were  to  put  a  bird,  or  even  a 
butterfly,  under  a  glass  receiyer,  however  large,  and  draw 
away  the  air,  they  would  have  no  more  use  of  their  wings 
than  fish  have  of  their  fins  when  out  of  water.  Tou  shall  see 
the  experiment  in  a  day  or  two: 

• If  thlfsnppori 

Were  wanting,  all  the  feather'd  tribes  most  drop 

The  useless  wing.  EuDOSiA. 

JEm,  And  would  they  die  in  that  situation,  as  fish  die  when 
taken  from  their  naturd  element,  the  water? 

Fa.  The  cases  are  precisely  similar:  some  fish,  asthecarp^ 
the  eel,  and  almost  aU  kinds  of  shell-fish,  will  live  a  con« 
fiiderable  time  out  of  water:  so  some  creatures,  which  depend 
upon  air  for  existence,  will  live  a  long  time  in  an  exhausted 
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reoeiyer.  A  butterflj  for  instance,  will  fall  to  the  bottooDi 
apparently  lifeless,  but  admit  the  air  again  into  the  reoeiver, 
and  it  will  revive;  while  from  experiments  which  have  been 
made  on  mice,  rats,  birds,  rabbits,  &c.,  it  is  found  that  they 
will  live  but  a  very  few  minutes  without  air. 

Em,  Such  experiments  are  very  cruel. 

Fa,  And  ought  not  by  any  means  to  be  indulged  in  wan- 
tonly. They  can  be  only  justified  upon  the  presumption  thal^ 
in  the  hands,  and  under  the  direction  of  a^le  philoeophers, 
they  may  lead  to  discoveries  of  importance  to  the  healtii  and 
happiness  of  the  human  race. 

Ch,  Can  fish  live  in  water  from  which  the  air  is  wholly 
excluded? 

Fa,  The  air  is,  in  fact,  as  necessary  to  their  existence  as  it 
is  to  ours.  Besides  their  fins,  fish  possess  an  air-vessel, 
which  gives  them  full  command  of  their  various  motions  in 
all  depths  of  water,  which  their  fins,  without  it,  would  not  be 
equal  to. 

Em.  What  do  you  mean  by  an  air-vessel? 

Fa,  It  is  a  small  bladder  of  air,  so  disposed  within  them, 
that,  by  the  assistance  of  their  muscles,  they  are  able  to  con- 
tract or  dilate  it  at  pleasure.  By  its  corUraciion  they  become 
specifically  heavier  than  the  water,  and  sink;  by  its  diUUatum 
they  become  lighter,  and  rise  to  the  surface  more  readily. 

Ch,  Are  these  operations  effected  by  the  external  air? 

Fa,  Chiefly  so:  for  if  you  take  away  the  air  from  the  water 
in  which  a  fish  is  swinmiing,  it  will  no  longer  have  the  power 
of  contracting  the  air-vessel  within,  which  will  then  become 
80  expanded  as  to  keep  the  fish  on  the  surface  of  the  water, 
to  its  great  inconvenience  and  pain.  Yet  by  experiment  it 
has  been  shown  that  if  this  air-bladder  be  removed,  a  fish  may 
still  have  the  power  of  raising  or  lowering  itself  in  the  water; 
and  Miiller  in  his  work  on  Physiology,  says  that  this  air  is 
not  derived  from  without,  but  secreted  by  the  inner  surface  of 
the  sac  or  bladder;  and  that  the  air  varies  considerably  as  to 
Its  component  parts  at  different  times  and  places,  and  even  in 
the  same  fish,  but  there  is  some  difference  of  opinion  as  to  the 
precise  use  of  this  air-bladder. 

Ch,  Of  what  is  the  air  composed,  Pi^a? 
:    Fa,  Atmospheric  air  is  composed  of  two  gases — viz.,  tjsxj* 
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gen  and  nitrogen,  in  the  prop<Nrtion  of  20  or  21  parts  of 
oxygen,  to  80  or^9  of  nitrogen  in  every  volume  of  100  parts; 
but  it  is  never  so  absolutely  pure  as  this,  being  always  charged 
with  a  variable  quantity  of  carbonic  acid,  and  watery  vapour* 
It  has  been  found  that  the  proportion  of  carbonic  present  is 
greater  in  summer  than  in  winter,  and  greater  in  the  night 
than  in  tiie  day,  and  in  dull  weather  than  in  bright  weather. 
Electrical  states  of  the  atmosphere,  however,  diminish  the 
quantity  of  carbonic  acid.  Of  these  gases,  the  most  important 
and  most  active  is  oxygen,  the  uses  of  the  nitrogen  not  being 
yet  accurately  known.  Without  oxygen  there  would  be  an 
end  to  animal  life,  and  it  is  the  most  active  principle  in  sup- 
porting combustion,  and  effecting  changes  in  mineral  and  other 
matters. 

Ch,  Are  there  different  proportions  of  these  gases  in  dif- 
ferent parts  of  the  world? 

Fa,  No,  Charles:  the  component  parts  of  the  air  are  the 
same  in  every  region  of  the  globe,  and  in  every  altitude;  even 
in  infected  places,  the  proportions  of  these  gases  are  the  same, 
and  its  noxious  qualities  at  that  time  are  owing  to  the  presence 
of  some  deleterious  matter  intermingling  with  the  air,  and  of 
too  subtle  a  character  to  be  distinguished,  or  chemically  dis- 
covered.  Other  properties  of  the  air  we  shall  discuss  as  we 
proceed. 

QUESTIONS  FOB  EXAMmATION. 


What  is  meant  by  Fnenmatlcs  ?  — 
Wni  the  definition  given  to  a  flnid 
Mmprebead  the  air? — la  air  neoetsary 


to  the  existence  of  fish? — Whatistlie 
air-bladder  in  fish,  and  what  are  iti 

OMS? 


CONVERSATION  H. 


OP  THE   AIR-PUMP. 

Emma.  Yon  alluded  yesterday.  Papa,  to  the  taking  away 
of  air  from  certain  vessels,  called  receivers.  Will  you  show 
us  how  that  is  performed? 

Fa,  I  will:  and  I  believe  it  will  be  the  most  convincing 
method  of  proving  to  you  that  the  air  is  a  body  such  at 
I  have  described. 

v2 
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This  macbine  ia  called  aa  air- 
pump;  and  its  use  is  to  exhanet, 
or  draw  off*,  the  air  from  an;  ves- 
sel, Buch  as  this  glass  receiver  lk. 
Ch.  Does  it  act  like  the  com- 
mon pump?  -w 

Fa.  So   much  bo,   that  if  yoa 
comprehend  the  nature  and  strac-  C 
ture  of  the  one,  'you  will  find  but 
little  difficulty  in  understanding  Ft«.  i. 

the  other.  I  will,  however,  de- 
scribe the  different  parts,  a  a  are  two  strong  brass  barrels, 
within  each  of  which,  at  the  bottom,  is  fixed  a  valve,  opening 
upwards:  these  valves  communicate  with  a  concealed  pipe 
that  leads  to  k.  The  barreb  include  also  movable  pistons, 
with  valves  opening  upwards.  I  presume  of  course  that  joa 
attended  to  the  structure  of  the  common  pump,  which  was 
described  in  Conversation  XXI.  on  Hydrostatics. 
Em.  How  are  they  moved? 

Fa.  To  the  upper  parts  of  the  piston  are  attached  racks,  a 
pfirtof  wliich  you  see  at  c:  these  racks  are  moved  up  and  down 
in  the  brass  barrels  by  means  of  a  little  cog-wheel,  turned 
round  by  the  handle  h. 

Ch.  You  turn  the  handle  but  half-way  round. 
Fa.  And  by  so  doing  you  perceive  that  one  of  the  racks 
rises,  while  the  other  descends. 

£m.  What  is  the  use  of  the  screw  v. 
Fa.  It  serves  to  re-admit  air  into  the  receiver  when  it  ia 
in  a  state  of  exhaustion;  for  without  such  a  contrivance  the 
receiver  could  not  be  moved  out  of  its  place  after  the  air  was 
taken  from  under  it.  But  you  shall  try  for  youi-aelves.  I 
first  place  a  slip  of  wet  leather  under  the  edge  of  the  receiver, 
because  the  brass  plate  b  liable  to  be  scratched,  and  the 
smallest  unevenness  between  the  receiver  and  plate  would  pre- 
vent the  success  of  our  experiment. — I  have  turned  the  handle 
but  a  few  times.  Now  try  to  take  away  the  receiver. 
Ch.  I  cannot  move  it. 

Fa.  I  dare  say  not:  for  now  the  greater  part  of  the  air  ig 
taken  from  under  the  receiver,  and  consequently  it  is  pressed 
down  with  the  weight  of  the  utmosphere  on  the  outside. 
Em.  Fray  exphun  how  the  air  was  taken  away. 


Fa.  By  turning  the  wiuch  e  half  way  round,  I  raise  one  of 
tiie  pislona,  and  thereby  leave  a  vacuum  in  the  lower  part  of 
the  barrel,  i?hen  a  portion  of  the  air  in  the  i-ecaiver  rushes 
through  the  pipe  into  the  empty  biure].  By  turning  the 
■winch  the  other  way,  which  raises  the  other  piston,  a  vacuum 
■woulii  be  left  in  that  barrel,  did  not  another  portion  of  air 
rush  from  the  receiver  into  it. 

Ch.  When  the  first  piston  descends,  does  the  air  in  the 
■barrel  open  the  httJe  valve,  and  eacape  by  the  rack  c? 

/a.  It  does:  and,  by  the  alternate  working  of  the  piston, 
■o  much  of  the  air  is  luken  away,  that  the  quantity  left  has 
not  force  enough  to  raise  the  valve, 
.     C/(.  Cannot  you  take  all  the  air  from  the  receiver? 
•    Fa.  Not  by  means  of  the  air-pump. 

£m.  What  is  the  reason  that  &  mist  comes  on  the  inside  of 
Ae  glass  receiver  while  the  air  ie  exhausting? 

Fa.  It  is  explained  by  the  sudden  expansion  of  the  air  left 
In  the  receiver,  which  we  ahall  notice  more  particularly  in  our 
conversations  on  Chemistry.  The  fact  is  described,  as  well 
■8  the  general  operation  of  the  air-pump,  by  Dr.  Darwin,  in 
liis  "  Botanic  Garden" — 


lUre  and  m 


fluid  U 


dwf  111  with  ticanc/  w 

last  line  alludes  to  a  fact  hereafter  to  be  explained; 

mely,  that  where  there  is  no  air,  there  can  be  no  sound. 

Ch.  Ton  have  not  told  us  the  use  of  the  smaller  receiver,  w, 
with  the  bottle  of  quicksilver  within  it. 

Fa.  By  means  of  the  concealed  pipe  there  is  a  commtmi- 
cation  between  this  and  the  larger  receiver;  and  the  whole  is 
intended  to  show  to  what  degree  the  au-  in  the  large  receiver 
is  exhausted.  It  is  called  the  small  barometer  gauge,  the 
meaning  of  which  you  will  belter  understand  f 
when  the  structure  of  the  barometer  is  ex- 
plained.— I  will  now  show  you  an  experi- 
ment or  two,  by  wliich  the  resistance  of  the 
nir  is  clearly  demonstrated. 

£m.  Are  these  little  mills  for  the  purpose? 

Fa.  Yes,  they  are:  the  machine  consists 
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of  two  sets  of  vanes,  a  and  6,  made  equally  heavy,  and  to 
move  on  their  axes  with  the  same  freedom. 

Ch.  But  the  vanes  of  a  are  placed  edgeways,  and  those  of 
b  are  breadthways. 

Fa.  They  are  so  placed  in  order  to  exhibit  in  a  striking 
manner  the  resistance  of  the  atmosphere;  for,  as  the  little 
mill  a  turns,  it  is  resisted  only  in  a  small  d^ree,  and 
will  go  round  a  much  longer  time  than  the  oth^,  which,  in 
its  revolutions,  meets  the  air  with  its  whole  surface.  By 
means  of  the  spring  c  resting  against  the  slider  d^  in  each  mill, 
the  vanes  are  kept  fixed. 

Em.  Shall  I  push  down  the  sliders? 

Fa.  Do  so.     You  see  that  both  set  off  with  equal  velocity. 

Ch.  The  mill  b  is  evidently  declining  in  swifhiess,  while 
the  other  goes  on  as  quick  as  ever. 

Fa.  Not  quite  so:  for  in  a  few  minutes  you  will  find  them 
both  at  rest. 

Now  we  will  place  them  under  the  receiver  of  the  air- 
pump,  and,  by  a  fittle  contrivance,  we  shall  be  able  to  set  the 
mills  at  work  after  the  air  is  exhausted  from  the  receiver; 
and  then,  as  there  is  no  sensible  resistance  against  them,  they 
will  both  move  round  a  considerable  time  longer  than  they 
did  in  the  open  air;  and  the  instant  that  one  stops,  the  other 
will  stop  also. 

Em.  This  experiment  clearly  shows  the  resisting  power  of 
the  air. 

Fa.  It  shows  also  that  its  resistance  is  in  proportion  to  the 
surface  opposed  to  it:  for  the  vane  which  met  and  divided  the 
air  by  the  edge  only,  continued  to  move  the  longest  while 
they  were  both  exposed  to  it;  but  when  that  was  removed, 
they  both  stop  together;  because  there  is  nothing  now  to  re- 
tard their  motion  but  the  friction  on  the  pivota,  which  is  the 
same  in  both  cases. — Take  this  guinea  and  a  feather,  and  let 
them  both  drop  from  your  hand  at  the  same  instant. 

Ch.  The  guinea  is  soon  at  rest  at  my  feet;  but  the  feather 
continues  fioadng  about.  Is  the  feather  specifically  lighter 
than  air? 

Fa.  No:  for  if  it  were,  it  would  continue  to  asc^id  till  it 
found  the  air  no  heavier  than  itself;  whereas,  in  a  minute  or 
two,  you  will  see  ihe  feather  on  the  floor  as  well  as  the  guinea: 
it  is,  however,  so  light,  and  presents  so  large  a  surface  to  the 
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air,  in  comparison  with  its  weight,  that  it  is  much  longer  in 
fidling  to  the  ground  than  heavier  bodies,  such  as  a  guinea. 
Take  awaj  the  resisting  medium,  and  they  will  both  reach 
the  bott(mi  at  once. 

Em.  How  will  jou  do  that? 

Fa.  Upon  this  brass  flap  I  place  the  guinea  and 
the  feather;  and  having  turned  up  the  flap,  and  shut 
it  into  a  small  notch,  I  ^  the  whole  on  a  tall  re- 
ceiver, with  a  piece  of  wet  leather  between  the  re- 
ceiver and  the  brass.  I  will  now  exhaust  the  air 
from  under  the  receiver  by  placing  it  over  the  air- 
pump,  and  if  I  turn  the  wire/ a  little,  the  flap  will 
slip  down,  and  both  the  guinea  and  the  feather  will 
fiedl  with  equal  velocities: 

In  perfect  Toid  Fig.  3. 

An  sabstaaoes  with  like  Telodty 

Deaeend;  nor  the  soft  down  oatstrips  the  gold. — ^Eudosia. 

Ch,  They  are  both  at  the  bottom ;  but  I  did  not  see  them  fall. 

Fa,  While  I  repeat  the  experiment,  you  must  look  steadily 
at  the  bottcHu;  because  the  distance  is  too  small  for  you  to  be 
able  to  trace  their  motion:  but  by  keeping  your  eye  at  the 
bottom,  you  will  see  the  feather  and  the  guinea  fall  down  at 
the  same  instant. 

In  this  glass  tube  is  some  water;  but  the  air  is     /n 
taken  away,  and  the  glass  completely  closed.     Turn  it     ^Q 
up  quickly,  so  that  the  water  may  fall  on  the  other 
end. 

Em.  It  makes  a  noise  like  the  stroke  of  a  hammer. 

Fa,  And  for  that  reason  it  is  usually  called  the 
philosophical  hammer.     The  noise  is  occasioned  from 
want  of  air  to  break  the  fall:  for  if  I  take   another     _ 
glass  in  all  respects  like  it,  but  having  air  enclosed  in  pfg.  4. 
it  as  well  as  water,  you  may  turn  it  as  oflen  as  yon 
please  with  scarcely  any  noise. 

Suppose  you  were  to  put  a  shrivelled  apple  into  the  re- 
ceiver, you  would  fiind,  by  exhausting  the  air,  the  pressure 
would  be  taken  from  it,  and  it  would  become  as  plump  as  if 
fresh  gathered  from  the  expansion  of  the  air  within  it:  let  the 
air  in  again,  and  the  apple  would  become  as  shrivelled  as 
before.  All  this  proves  the  elasticity  and  compressibility  of 
the  air. 
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Ck.  Who  invented  tlie  air-pua^>^  Papa? 

Fa.  It  was  invented  by  Otto  Gruericke,  of  Magdebmg^  ia 
Cknnanjy  about  the  year  1654;  but  it  has  been  subiequently 
much  improved  bj  Hooke,  Boyle,  Smeaton,  and  othera. 


QUESTIONS  FOB  BXAMINATIOir. 


Deseribe  bj  mfltnaof  llg.  l.tlieBtnio- 
tiiro  and  tue  of  the  mlr-pmnp.  —  How 
li  the  fir  taken  away  ftwn  the  noelTcr 
of  the  air-pump?  —  Can  the  whole 
of  the  air  be  exhaoflted  ?— What  It  the 
oanee  of  the  mist  which  appears  on  the 
inside  of  the  reoeiTer  on  the  ezhanstioa 
of  the  air?— Bepeat  the  lines  bj  Dr. 
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Darwin  on  this  snUeet—  Hdir 
llg.  S  enable  70a  to  describe  the 
anceofthealr?~Whatflusts  an  de- 
dndble  ftom  this  ezperiiMat?-»Cni 
yon  describe  the  experiment  of  the 
gohiea  and  ftather,  and  ten  me  what  it 
is  calculated  to  teach  ? — What  do  yon 
mean  hj  the  philosophieal  hammer? 


CONVERSATION  IH 

OF  THE   TORKICBLLIAN  EXPEEIMENT. 

Charles.  If  by  means  of  the  air-pump  you  cannot  perfectly 
exhaust  the  air  from  any  vessel,  by  what  means  is  it  done? 

Fa,  This  glass  tube  is  about  36  inches  long,  and  open  at 
one  end  only.  I  fill  it  very  accurately  with  quicksilver,  and, 
placing  my  thumb  over  the  open  end,  I  invert  the  tube,  and 
plunge  it  into  a  vessel  of  the  same  metal,  taking  care  not  to 
remove  my  thumb  till  the  end  of  the  tube  is  completely  im- 
mersed in  quicksilver. — You  observe  the  mercury  is  suspended 
in  the  tube  to  a  certain  height,  and  above  it  there  is  a  perfect 
vacuum;  that  is,  in  the  six  or  seven  inches  of  the  upper  part 
of  the  tube  the  air  is  perfectly  excluded, 

Em.  Ck)uld  not  the  air  get  in  when  you  took  away  your 
thumb? 

Fa.  You  saw  that  I  did  not  remove  my  thumb  till  the  open 
end  of  the  tube  was  wholly  under  the  quicksilver;  therefore 
no  air  could  get  into  the  tube  without  first  descending  through 
the  quicksilver.  You  must  be  aware  that  a  lighter  fluid  will 
not  descend  through  one  that  is  heavier;  and  consequently  it 
is  impossible  that  any  air  should  be  in  the  upper  part  of  the 
tube. 

Ch.  What  makes  the  quicksilver  stand  at  that  particular 
height? 

Fa.  What  is  the  reason  that  water  cannot  be  raised  by 
means  of  a  common  pump  higher  than  about  32  or  33  feet? 
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Ch.  Because  the  pressure  of  the  atmosphere  is  equal  to  the 
esaure  of  a  column  of  water  so  many  feet  in  LeighL 
Fa.  And  the  pressure  of  a  column  of  quicksilver  29  or  30 
^chea  high,  a  little  more  or  less,  according  to  the  variation  of 
the  air,  is  equal  to  the  pressure  of  a  column  of  water  32  or  33 
teet  high,  and  consequently  equal  l<i  the  pressure  of  the  whole 
lieight  of  the  atmosphere. 

"      Is  then  the  mercury  in  the  tube  kept  suspended  by 
tlie  weight  of  the  air  pressing  on  that  in  the  cup? 
Fa.  It  IS. 

Fttt.  If  you  could  take  away  the  wr  from  the  cup,  would 
^te  quicksilver  descend  in  the  tube? 

~     If  I  had  a  receiver  long  enough  to  enclose  the  cup  and 

tube,  and  were  to  place  them  on  the  air-pump,  you  would  see 

eflbct  tliat  a  aingli:  turn  of  the  handle  would  have  on  the 

joercury;  and  after  a  very  few  turns,  the  quicksilver  in  tlia 

tube  would  be  nearly  on  a  level  with  that  in  the  cup. 

I  can  show  you,  by  meana  of  this  syringe,  that  the  Bu.s- 
.nsion  of  the  quicksilver  in  the  tube  is  owing  to  nothing  but 
tiie  pressure  of  the  air. 

C'A,  What  ia  the  structure  of  the  syringe? 
Fa.  If  you  understand  in  what  manner  a  common  water- 
squirt  acts,  you  will  be  at  no  loss  about  the  syringe,  which  is 
made  like  it. 

CA.  By  dipping  the  small  end  of  a  squirt  iu  water,  and 
lifting  up  the  handle,  a  vacuum  ia  made,  and  then  the  pressure 

■    on  the  surface  of  the   water  forces 
■quirt. 

Fa.  That  is  the  proper  explanation. — This  v 

1  T>,  containing  some  quicksilver,  and  the  small 

ibe  ff/,  33  inchea  long,  open  at  both  ends,   i 

s«l  in  it,  are  placed  under  a  lai^e  receiver,  i 

brass  plate  c,  put  upon  it  with  a  piece  of  ^ 

her,  admits  the  small  tube  to  pass  through  it  at 

I  will  now  screw  the  syringe  h  on  the  tube  fff, 

id  by  lifting  up  the  handle  t,  a  partial  vacuun 

the  tubei  consequently  the  pressure  of  the 
in  the  receiver  upon  the  mercury  in  the  cup  D, 
iCB  it  up  into  the  little  tube  as  high  as  x,  jiist  ii 
some  manner  as  water  follows  the  piston  in  . 
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JEm,  But  is  not  this  rise  of  the  (joicksilYer  in  the  tube 
owing  to  the  suction  of  the  syringe? 

Fa,  To  prove  to  you  that  it  is  not^  I  place  the  whole  ap- 
paratus over  the  air-pump,  and  exhaust  the  air  out  of  tlie  re- 
ceiver A  B.  This  operation^  yon  must  be  sensible,  has  not  the 
smallest  effect  on  the  air  in  tiie  syringe  and  little  tube;  but 
you  nevertheless  observe  that  the  mercury  has  again  fiJlen 
into  the  cup  d:  and  the  S3rringe  might  now  be  worked  for 
ever  without  raising  the  mercury  in  the  tube;  but  admit  the 
air  into  the  receiver,  and  its  action  upon  tfa^  sur£EM)e  of  the 
quicksilver  in  the  cup  will  force  it  instantly  into  the  tube. 

This  is  called  the  Torricellian  experiment,  or  ToarriodJian 
vacuum,  in  honour  of  Torricelli,  a  learned  Italian,  and  a 
disciple  of  Galileo,  who  invented  it,  and  who  was  tibe  first 
person  that  discovered  the  pressure  and  weight  of  the  air,  and 
introduced  the  barometer,  which  we  shall  by  and  bye  describe. 

QUESTIONS  FOR  EXAMINATION. 


How  is  the  air  whoDy  exdnded  fhnn 
a  Tcssel,  as  a  glass  tube  ?  —  What  is  the 
pressure  of  a  column  of  quicksilver 
about  29  or  30  inches  long  equal  to  ? — 
CiB  70a  explain  the  structure  and  uses 


of  a  syringe? — How  is  it  proredthti 
the  sjringe  does  not  act  bj  meant  of 
suction  ? —  Who  discoyered  the  weight 
and  pressure  of  the  air  ? 


CONVERSATION  IV. 


OF   THE   PRESSURE   OF   THE   AIR. 

Charles,  It  seems  very  surprising  that  the  air,  which  is 
invisible,  should  produce  such  effects  as  you  have  described. 

Fa,  If  you  are  not  satisfied  with  the  evidence  which  your 
eyes  are  capable  of  affording,  you  would  perhaps  have  no  ob- 
jection to  Uie  information  which  your  feelings  may  convey  to 
your  mind.  Place  this  little  glass,  ab,  open  at 
both  ends,  over  the  hole  of  the  pump-plate,  and  lay 
your  hand  close  upon  the  top  b,  while  I  turn  the 
handle  of  the  pump  a  few  times. 

Ch.  It  hurts  me  very  much!  I  cannot  take  my 
hand  away. 

Fa.  By  letting  in  the  air,  I  release  you.     The 
pain  was  occasioned  by  the  pressure  of  the  air  on  the  outside 


Fig.  6. 
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of  your  band;  that  being  taken  awaj  from  under  it,  which 
senred  to  counterbalance  its  weight. 

This  is  a  larger  glass  of  the  same  kind:  over  the 
large  end  I  tie  a  piece  of  wet  bladder  very  tight, 
place  it  on  the  pump,  and  take  the  air  from  under  it. 

Em,  Is  it  the  weight  of  air  that  bends  the  bladder 
so  much?  ^-  7. 

Fa.  Certainly:  and  by  turning  the  handle  a  few  more  times 
I  shall  burst  it,  as  you  see. 

Ck,  It  has  made  a  report  as  loud  as  a  gun. 

Fa.  A  piece  of  thin  flat  glass  may  be  broken  in 
the  same  manner. — Here  is  a  glass  bubble  a  with 
a  long  neck,  which  I  put  into  a  cup  of  water  b, 
and  place  them  Under  a  receiver  on  the  plate  of 
the  air-pump:  by  turning  the  handle,  the  air  is 
not  only  taken  from  the  receiver,  but  that  in  the 
hollow  glass  ball  will  make  its  way  through  the 
water  and  escape. 

Em,  Is  it  the  air  which  occasions  the  bubbles  at  the  sur«> 
face  of  the  water? 

Fa,  It  is.  And  now  the  bubbling  is  stopped;  and  there^ 
fore  I  know  that  as  much  of  the  air  is  taken  away  as  can  be 
got  out  by  means  of  the  pump.  The  hollow  ball  is  still 
empty:  but  by  turning  the  cock  v  of  the  pump  (fig,  1)  the  air 
rushes  into  the  receiver  and  presses  upon  the  water;  thua 
filling  the  ball  with  the  fluid.  t 

Ch,  It  is  not  quite  lull. 

Fa,  That  is  because  the  air  could  not  be  perfectly  exhausted, 
and  the  little  b^ibble  of  air  at  the  top  is  what,  in  its  expanded 
state,  filled  the  whole  glass  ball,  and  now  by  the  pressure  of 
the  external  air  is  reduced  to  its  present  size. 

Another  very  simple  experiment  wiU  convince 
you  that  suction  has  nothing  to  do  with  these 
experiments.  On  the  leather  of  the  air-pump, 
at  a  little  distance  from  the  hole,  I  place  lightly 
this  small  receiver  x,  and  pour  a  spoonful  or 
two  of  water  round  the  edge  of  it.  I  now 
cover  it  with  a  larger  receiver,  a  b,  and  exhaust 
the  air. 

Em,  I  see  by  the  bubbles  round  the  edge  of  the  small  re*^ 
ceiver  that  the  air  is  making  its  way  from  under  it. 
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JFVi.  I  have  pretty  well  exhausted  all  the  air.  Nofw  can 
you  move  the  liurge  receiver? 

Ch,  No:  but  by  shaking  the  pump,  I  see  the  little  <me'  is 
loose. 

jPa,  The  large  one  is  rendered  immovable  by  the  pressure 
of  the  external  air.  But  the  air  being  taken  from  the  inside 
of  both  glasses,  there  is  nothing  to  fasten  down  the  smaller 
receiver. 

Em,  But  if  suction  had  anything  to  do  with  this,  the  little 
receiver  would  be  as  firm  as  Uie  ol^er. 

Fa,  Turn  the  cock,  v,  of  the  air*pump  quickly.  Do  you 
not  hear  the  air  rushing  in  with  violence? 

Ck,  Yes,  Papa;  and  the  large  receiver  is  loosened  again. 
Fa,  Now  take  away  the  smaller  one,  Emma. 
Em,  I  cannot  move  it,  even  with  all  my  strength. 
Fa,  Nor  could  you  lift  it  up  if  you  were  a  hundred  times 
stronger  than  you  are:  for,  by  admitting  the  air  very  speedily 
into  the  hirge  receiver,  it  pressed  down  the  smaller  one  before 
any  air  could  get  underneath  it. 

Ch,  Besides,  I  imagine  you  put  the  water  round  the  edge 
of  the  glass  to  prevent  the  air  from  rushing  between  it  and  the 
leather. 

Fa,  You  are  right;  for  air,  being  the  lighter  fluid,  could 
not  descend  through  the  layer  of  water  in  order  to  ascend  into 
the  receiver. — Could  suction  produce  the  eflect  in  tliis  ex- 
periment? 

Ch.  I  think  not;  because  the  little  receiver  was  not  fixed 
till  after  what  might  be  called  suction  had  ceased  to  act. 

Fa,  You  are  right:  and  to  impress  this  fact  strongly  on 
your  mind,  I  will  repeat  the  experiment.  You  observe  that 
the  air  being  taken  from  under  both  receivers,  the  large  one 
must  be  fixed  by  the  pressure  of  the  atmosphere,  and  the 
smaller  one  must  be  loose;  because  there  is  no  pressure  on  its 
outside,  to  fasten  it.  But  by  admitting  the  air,  the  inner  one 
becomes  fixed  by  the  very  means  that  the  outer  one  is 
loosened. 

Em,  How  will  you  get  the  small  one  away? 
Fa,  As  I  cannot  raise  it,  I  must  slide  it  over  the  hole  in 
the  brass  plate;  and  when  the  air  gets  under  it,  there  is  not 
the  smallest  difficulty. 


QCESTIOSS  FOR  EXAintfATION 


Eipliin  the  tnpuiinent  IllaMnted 
br  flg-  6.—  Wh«t  etttct  doct  the  pna- 
■Bie  of  ths  ilr  occaalon  <d  thl>  Imtancf  ? 
—  How  <■  tbe  pnimre  eipliiii«i  by  tha 


exhibited  by  Bg.  9  proief—WHjcHB 
you  bC-t  move  thB  unmll  gluB?  — Why 
CDUld  not  luctlon  produce  [ha  edecl  f — 
How  wUl  you  luoKD  ud  get  iwiy  (lie 
■dibU  glut  tb&C  you  ctuiDOI  Ull  up? 


CONVERSATION   V. 


'  THE   PBESSURE  OF  1 


Charles.  Although  suction  has  notlong  in  common  with 
fte  espcrimente  which  you  made  yeaterday,  yet  I  tLink  I  can 
'lAtow  you  one  instance  in  which  they  are  connected.  This 
experiinent  (if  such  it  may  he  called,)!  have  made  a  hundred 
I  fasten  a  string  in  the  centre  of  a  round  piece  of  lea- 
flier,  which  I  thoroughly  soak  in  wat«r.  I  then  press  it  with 
my  foot  on  a  flat  stone;  by  which  process  it  is  attiiched  so 
flnnly  to  tlie  stone,  that  I  can  it  lift  up,  although  the  leather 
be  not  more  than  two  or  three  inches  in  diameter,  and  the 
'Stone  Weigh  several  pounds.     Surely  this  is  suction. 

Fa.  I  should  say  ao  too,  if  I  could  not  account  for  it  by 
TSie  pressure  of  tha  atmosphere.  By  treading  down  the  wet 
'^lefttUcr  on  the  stone,  you  displace  the  air  from  between  them; 
^hen,  by  pulling  the  string,  a  vacuum  is  left  nt  the  centre,  and 
tte  pressure  of  the  air  about  the  edges  of  the  leather  is  so 
^pCat,  that  it  requires  a  greater  power  than  the  weight  of  the 
Stone  to  separate  them. 

1  have  seen  you  drink  water  from  a  spring  by  means  of  a 
ioHow  straw. 
Em.  Tes,  that  is  another  instance  of  what  we  liaie  been 
lomed  to  call  suction. 
'  Fa.  But  now  you  know  that  in  this  operation  you  make  a 
yringe  with  the  straw  and  your  lips,  and  by  drawing  in  your 
breath,  you  cause  a  vacuum  in  the  hollow  straw  lube;  and  the 
pressure  of  the  air  on  the  wafer  in  the  spring  forces  it  up, 
through  the  straw,  iuto  the  mouth. 

Ck.  I  cannot,  however,  help  thinking  that  this  looks  like 
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suction;  for  the  moment  I  cease  drawing  my  breath,  the 
water  ceases  to  rise  in  my  mouth. 

Fa,  That  is,  when  there  is  no  longer  a  vacuum  in  the  straw, 
the  pressure  within  is  just  equal  to  that  without,  and  conse- 
quently the  water  will  rest  at  its  natural  levdL  Upon  a 
similar  principle,  we  can  explain  the  instinctiveness  of  the  bee, 
which,  to  procure  the  sweet  juices  that  are  beyond  its  reach 
from  deep  trumpet-shaped  flowers,  as  the  honeysuckle,  &c., 
closes  up  the  orifice  with  his  body,  and  slowly  sucks  out  the  air, 
consequently  the  sides  collapse,  as  it  were,  by  the  greater  ex- 
ternal pressure  of  the  air,  and  the  juices  are  squeezed  upward 
within  the  reach  of  the  clever  little  insect  Like  the  sucker  you 
have  adverted  to,  may  be  explained  the  close  adhesion  of  the 
little  limpets  to  the  rocks  which  you  have  so  often  noticed;  as 
well  as  the  apparent  difficulty,  or  rather  phenomenon,  of  flies 
and  other  insects  walking  on  glass  window  panes,  oa  the 
sides  of  walls,  on  ceilings,  and  on  other  perpendicular  sur&ces. 
Their  diminutive  feet  are  supplied  by  Nature  with  flat  fdids  of 
skin  which  they  apply  so  closely  to  the  surface  to  be  walked 
on,  as  to  squeeze  out  the  air,  and  produce  a  vacumn  between 
their  feet  and  the  trodden  surface.  In  consequence  of  this, 
the  air  presses  their  feet  with  sufficient  force  to  hold  them  on 
the  wall,  or  window  glass,  or  wherever  they  may  alight.  If 
our  feet  possessed  this  apparatus,  we  could  walk  on  the  sides 
of  walls  and  on  ceilings  with  our  heads  downwards,  for  the 
air  would  press  on  our  feet  in  the  proportion  of  fifteen  pounds 
to  every  square  inch,  which  would  be  equal  to  a  force  of  more 
than  two  hundred-weight,  but  whether  this  would  be  an 
advantage  to  us  I  leave  you  to  guess. 

I  will  show  you  another  striking  instance  of  the  effects  of 
atmospheric  pressure.     This  instrument 
is  called  the  transferrer.     The  screw  c 
fits  on  to  the  plate  of  the  air-pump,  and 
by  means  of  the  stop- cocks,  o  and  h,  I  ^Qt 
can  take  away  the  air   from  both,  or    c ' 
ei^er  of  the  receivers,  i,  k,  at  pleasure. 

£m.  Is  there  a  channel,  then,  run- 
ning from  c  through  n,  a,  b,  and  thence 
passing  to  x  and  y  f 

Fa,  There  is.     I  will  screw  the  whole  on  the  air-pump^ 
and  turn  the  cock  o,  so  that  there  is  now  no  commonioatioii 
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from  c  to  the  internal  part  of  the  receiver  i.     At  present  you 
observe  tliat  both  the  receivers  are  perfectly  free.     By  turning 
the  handle  of  the  pump  a  few  times,  the  air  is  taken  away 
and  to  prevent  its  re-entrance,  I  turn 


horn  the 

the  atop-cock  d.     Try  if  you 
Ch.  I  cannot:  but  the  iither 


The  pressure  of  the  atmosphere  is  evidently  the  same 
on  the  two  receivers;  but  with  regard  tot,  the  pressure  within 
is  equal  to  that  without,  nnd  the  glass  is  free:  in  the  other,  the 
pressure  from  within  is  taken  sway,  and  the  glass  is  fixed. 
In  this  stage  of  the  experiment  you  are  sntisfled  that  there  is 
the  receiver  k.  By  turning  the  cock  g,  I  oi>en 
between  the  two  receivers,  and  you  hear 
that  was  in  i  rush  through  the  channel  a  b  into  k. 
How  try  to  move  tlie  glasses. 

Em.  They  are  both  fixed.  How  is  this? 
Fa.  The  air  that  was  enclosed  in  the  glass  i  is  equally 
diffused  between  the  two;  consequently,  the  internal  pressure 
oCneitlieris  equal  to  the  eitemal,  and  therefore  they  ai-eboth 
fixed  by  the  excess  of  the  external  pressure  over  the  internal. 
In  this  case,  it  could  not  be  suction  that  fixed  the  gloss  i;  for 
it  was  iree  long  after  what  might  have  been  thought  suction 
Itod  ceased  to  act. 

Ch.  What  are  these  brass  cups?  y^\ 

Fa.  They  are  called  the  hemispherical  cups.     I  /b\ 

will  bring  the  two,  b,  a,  tt^ether,  with  a  wet  leather  ^ -^ 

Itetween  them,  and  then  screw  them  by  d  to  the  plate  Vxy 
of  the  air-pump:  nnd  having  exhausted  the  air  from  ,^<^^ 
tte  inside,  I  turn  the  stop-cock  e,  take  them  fi-om    ^g 
he  pnmp,  and  screw  on  the  handle  f.     See  if  both      § 
if  Tou  together  can  separate  them. 
£m.  We  cannot  stir  them.  *' 

Fa.  If  the  diameter  of  these  cups  were  four 
Inches,  the  pressure  to  be  overcome  would  be 
«qualto  ISOIbs.  I  will  now  hangthem  up 
•be  receiver,  and  exhaust  the  air  in  it.  You 
they  separate  without  tlie  application  of 
any  force. 

Ch.  Now  there  is  no  pressure  on  the  outside; 
therefore  the  lower  cup  falls  off  by  its  own 
rity. 
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Fa.  With  this  stedyard  you  may  try 
very  accurately  what  weight  the  pres- 
sure of  the  atmosphere  against  the  cups 
is  equal  to.* 

Em,  For,  when  the  weight,  w,  is  car- 
ried far  enough  to  overcome  the  pressure 
of  the  cups,  it  lifts  up  the  top  one. 

Fa,  I  have  exhausted  the  air  of  this 
receiver,  h;  consequently,  it  is  fixed  down  to  the 
brass  plate  i :  to  the  plate  is  joined  a  small  tube  with 
a  stop-cock,  x;  by  placing  the  lower  end  of  the  tube 
in  a  basin  of  water,  and  tiuning  the  cock,  the  pres- 
sure of  the  atmosphere  on  the  water  in  the  basin  forces 
it  through  the  tube  in  the  form  of  a  fountain.  This 
is  called  the  fountain  in  vacuo. 

To  this  little  square  bottle,  a,  (fig.  16)  is  cemented 
a  screw-valve,  by  which  I  can  fix  it  on  the  plate  of  the 
air-pump,  and  exhaust  the  air  from  it:  and  you  will 
see  that  when  there  is  no  power  within  to  support    *^*** 
the  pressure  of  the  atmosphere  from  with- 
out,  it  will  be  broken  into  a  thousand 
pieces. 

Ch.  Why  did  you  not  use  a  round  phial? 

Fa,  Because  one  of  that  shape  would 
have  sustained  the  pressure  like  an  arch. 

Em,  Is  that  the  reason  why  the  glass 
receivers  are  able  to  bear  so  great  a  weight  without  breaking? 

Fa,  It  is.  If  mercury  be  poured  into  a  wooden 
cup,  c,  made  of  willow,  and  the  air  taken  from  under 
it,  the  mercury  will,  by  the  weight  of  the  external  air, 
be  forced  through  the  pores  of  the  wood,  and  descend 
like  a  shower  of  rain. 

The  principle  of  the  vacuum  is  now,  in  many  cases, 
employed  in  railroad  travelling  for  propelling  car-  ^'  *•' 
riages  from  one  place  to  another.  A  hollow  tube  of  cast* 
iron,  made  air-tight,  extends  the  whole  dist-ance,  and  to  this 
is  fitted  a  piston  connected  at  one  end  by  a  shank  to  a  car- 
riage above;  when  the  tube,  by  a  powerful  steam  engine,  is 
exhausted  of  its  air,  the  piston  is  released,  and  by  the  action 

*  The  principle  of  the  tteeljard  is  explained  in  ConTenatioii  XV,  ^ 
Hechanioi. 
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tlie  external  air  to  fill  tlie  vacuum,  it  ia  forced  with  great 
velocity,  and  with  the  carriage  attached,  to  ita  destination. 

Its  application  to  locomotive  travelling  is  still  in  its  infancy, 
and  many  experiments  ore  still  in  operation  to  test  its  power 
Mad  elHciency. 

QUESTIONS  FOR  EXAMINATION. 
Eil^^  tb«  action  of  Uie  Iniher  I  tnutarerrcr.  Do  tb«  itmi!  wltli  Uin 
and  none.  Ii  It  not  by  meini  of  luc-  brui  licnilipliersi.  Wlut  ti  Sg.  IC 
Uen  ibat  children  Himi'timei  dnvr  mcsnl  to  atiDirV —  Haw  a  mrreaty 
mUr  diBMgli  •  itriw  (nim  a  iprlng> —  |  mada  topauUmiughB  plefitofwood? 
Explain  Iba  experimunt  madb  wilh  the  i 


CONVERSATION  VX 
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Emma.  We  have  seen  the  surprising  effects  of  atmospheric 
pressure.  Are  there  any  means  of  obtaining  the  exact  weight 
«f  the  air? 

Fa,  If  you  do  not  require  any  very  great  nicety,  the  me- 
liod  is  very  simple. 

This  Florence ftask  is  fitted  upwithascrew 
«nd  a  fine  oiled-silk,  or  India-rubber  valve  a 
D.  I  will  now  screw  the  flask  or  the  plate  o 
the  air-pump,  and  exhaust  the  air.  You  sci 
that,  in  its  present  exhausted  state,  it  weighs  | 
,S  ounces  and  5  grains.  Fig.  n. 

CA,  Cannot  the  air  get  through  the  silk? 

fa.  Tho8ilk,beingvamished  with  akind  of  oily  substance, 
Ja  impervious  to  air;  and  when  the  flask  is  eiihausted  by  the 
'#ir*pump,  the  pressure  upon  the  outside  eflectually  prevents 
'ite  entrance  of  the  air  at  the  edges  of  the  silk:  but  if  I  Uft 
it  up  a  little  by  means  of  this  needle,  you  will  distinctly  hear 
the  air  rush  ii 


£»i.  Is  that  hissing  noise  o 
the  air? 

Fa,  It  is:  and  when  that  c 
■within  the  bottle  is  of  the  sani 

CA.  Therefore,  if  I  weigh  i 


casioncd  by  the  re-entrance  of 

OSes,  you  may  be  sure  the  air 
:  density  as  that  without. 
again,  the  diflerence  between 
Iheweight  now  and  when  you  tried  it  before  is  the  weight  of  the 
quan  tity  of  nir  contained  in  the  bottle.  It  weighs  very  accurately 
.^  ounces  19^  groinsi  consequently  the  air  wdgha  14^  groiiiB. 
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Fa,  And  the  flask  holds  a  quart,  wine  measure. 

Em,  Does  a  quart  of  air  always  weigh  14^  grains? 

Fa,  The  weight  of  the  air  is  perpetuaJlj  changing :  therefore, 
though  a  quart  of  it  weighs  to-daj  14^  grains^  the  same  quan- 
tity may,  in  a  few  hours,  weigh  14^  grains,  or  perhaps  only 
14  grains,  or  more,  <Mr  less.  The  air  is  much  heavier  this 
morning  than  it  was  at  the  same  time  yesterday. 

Ch,  How  do  you  know  that?  Did  you  weigh  some 
yesterday? 

Fa,  No:  but  the  rising  and  falling  of  the  quicksilver  in  the 
barometer,  (an  instrument  which  I  shall  hereafter  very  par- 
ticularly describe,)  are  sure  guides  to  ascertain  the  real  weight 
of  the  air;  and  it  stands  fuU  three-tenths  of  an  inch  higher 
now  than  it  did  yesterday. 

Em,  Will  you  explain  how  we  may  judge  of  the  different 
weights  of  the  air  by  the  barometer? 

Fa.  This  subject  may,  perhaps,  be  better  discussed  when 
we  come  to  treat  explicitly  on  that  instrument:  but  I  will 
now  answer  your  inquiry,  although  I  should  be  in  some  danger 
of  a  repetition  on  a  future  day. 

The  mercury  in  a  well-made  barometer  will  always  subside 
till  the  weight  of  the  column  be  exactly  equivalent  to  the 
weight  of  the  external  air  upon  the  surface  of  the  mercury  in 
the  basin;  consequently,  the  height  of  the  mercury  is  a  sure 
criterion  by  which  that  weight  is  to  be  estimated. — Suppose, 
for  example,  the  barometer  stands  at  29^  inches,  or,  as  it  id 
usually  expressed,  at  29'5,  and  I  find  a  quart  of  air  at  that 
time  weighs  14^  grains  :  we  here  have  a  standard  by  which 
I  may  ever  after  compare  the  gravity  of  the  atmosphere.  If 
^-morrow  I  find  that  the  quicksilver  has  fallen  to  29*3,  I 
shall  know  that  the  air  is  not  so  heavy  as  it  was  ;  because,  in 
this  case,  a  column  of  quicksilver,  29*3  inches,  balances  the 
whole  weight;  whereas  it  before  required  a  colunrn  equal  to 
29'5.  If,  on  the  contrary,  when  I  look  again,  the  mercury 
has  risen  to  30*6,  as  it  really  stands  at  this  hovu^,  I  am  sure 
the  atmosphere  is  considerably  heavier  than  it  was  before, 
and  that  a  quart  of  it  will  weigh  much  more  than  14^  grain?. 

Ch,  You  intimated  that,  in  weighing  air,  the  fiask  could  not 
be  depended  upon  if  great  nicety  were  required.  What  is  the 
teason  of  that? 

Fa.  I  told  you,  when  explaining  the  operations  of  the  auS' 


■pBTop,  that  it  WM  impoasible  to  obtain  by  means  of  tbiit  ma- 
chine iL  perfect  laeuum.  The  waut  d' accuracy  in  tbe  flask 
experimeitt  arises  from  tbe  email  quantity  of  air  tliat  ia  left  in 
tbe  Tcssel  after  the  eshauation  is  carried  as  far  as  it  will  go: 
this,  liowever,  if  the  pump  be  good,  will,  after  12  turns  of  the 
handle,  be  less  than  the  -lOOOth  part  of  tbe  whole  quantity. 

£>».  How  do  you  know  ttiis? 

Fa.  You  seem  unwilling  to  take  anytliing  upon  my  word: 
and  in  subjects  of  this  kind  you  do  right  never  to  rest  satisfied 
without  a  reason  for  what  is  asserted. 

Suppose,  then,  each  of  the  barrels  of  the  air-pump  equal  in 
capacity  to  the  flask;  that  is,  eacli  will  contain  a  quart,  then  it 
IB  evident  that,  by  turning  the  handle  of  the  pump,  1  exhaust 
all  the  air  of  one  barrel,  and  the  air  in  the  flask  becomes  at  the 
Mme  time  equally  diffused  between  the  barrel  and  tbe  flask; 
that  is,  the  quart  is  now  di\-ided  into  two  equal  parts,  one 
of  which  is  in  the  flask,  and  the  other  in  the  barrel.  For  the 
■une  reflsoo,  at  the  next  turn  of  the  handle,  the  pint  in  the 
flask  will  be  reduced  to  half  n  pint;  and  so  it  will  g:o  on 
decreasing,  by  taking  away,  at  every  turn,  one  half  of  the 
quantity  lefl  by  the  last  tui'n. 

Ch.  Do  you  mean,  tlieu,  that,  after  the  first  turn  of  llie 
Itandle,  tbe  air  in  the  bottle  is  twice  as  rare  as  it  was  at  first; 
and  after  the  second,  third,  and  fourth  turnt^,  it  is  four  times, 
eight  times,  and  sixteen  times  as  rare  as  it  was  when  yon 
kegirn? 

JTa.  That  is  what  I  meant.  Carry  on  your  multiplication, 
and  you  will  find  that,  after  the  tweliU  turn,  it  is  4096  times 
rarer  than  it  was  at  first. 

Em.  I  now  understand  that,  though  absolute  esaetness  he 
not  attainable,  yet,  in  weighing  this  quart  of  air,  the  error  is 
only  equal  to  the  4096th  part  of  the  whole;  which  quantity 
may,  in  reasoning  on  the  subject,  be  disregarded. 

Fa.  I  will  again  exhaust  the  flask  of  its  air,  and,  putting 
-the  neck  of  it  uuder  water.  I  will  lift  up  the  silk  valve,  and 
fill  it  with  water.  Now  dry  tlie  outride  very  thoroughly,  and 
weigh  it. 

Ch.  It  weighs  27  ounces. 

Fa.  Subtract  tho  weight  of  the  flask,  reduce  the  remainder 
into  grains,  and  divide  by  HJ,  nnd  you  will  obtain  the  specifla 
gnvity  of  water,  compared  with  that  of  air, 
X  2 
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Ch,  I  have  done  it;  and  the  water  is  somewhat  more  Aaa 
800  times  heavier  than  air. 

Fa,  As,  therefore,  the  specific  gravity  of  water  is  always  put 
at  l,that  of  air  must  be  as  -B^Tr^  ^  ^^^^  according  to  tlds  cal- 
culation; but,  following  the  more  accurate  experiments  of  Mr. 
Cavendish  and  others,  whose  authority  may  be  safely  appealed 
to^  the  specific  gravity  of  air  is  816  times  less  than  that  oi 
water;  for  1000  cubic  inches  at  a  mean  temperature  and  pres- 
sure have  been  found  to  weigh  about  305  grains.  The  mean 
height  of  the  barometer  at  the  level  of  the  sea  is  about  28'6 
inches;  and  a  cubic  inch  of  mercury  weighs  3425-92  grains; 
therefore  a  column  of  mercury  whose  base  is  a  square  inch, 
and  height  the  mean  height  of  the  barometer,  vis.  28*6 
inches,  weighs  0*48956  mijdtiplied  by  28*6,  or  14*6  pounds, 
which  is  consequently  the  pressure  of  the  air  on  every  square 
inch  at  the  surface  of  the  earth.  From  this  we  may  judge 
how  great  a  pressure  of  the  air  a  man  sustains,  if  he  has  a 
surface  of  15  square  feet  over  his  whole  body,  which  is  2160 
square  inches  ;  the  pressure,  therefore,  is  31*536  pounds,  and 
had  he  not  a  counteracting  support  in  the  interior  of  his 
body,  the  consequences  would  be  alarming. 

QUESTIONS  FOR  EXAMINATION. 


How  is  the  weight  of  the  air  aacer- 
iained  ? — The  air  in  jMUsing  throogh 
a  amall  orifloe  into  a  racaam  maket  a 
hiaring  notse:  when  the  nolM  ceaaet, 
what  does  it  prore  ? — How  mooh  does 
a  qnart  of  air  weigh? — How  is  the 
weight  of  the  air  estimated  ?  —  How 
does  the  barometer  show  the  weight  of 
the  air? — Upon  what  does  the  inac- 
cancjin  the  flask  experiment  depend? 


—  To  how  great  adegree  of  exactness 
can  a  ressel  be  exhausted  of  air  bj 
means  of  the  air-pomp  ?  —  How  is  that 
ascertained  ? —  B/  how  man/  turns  of 
the  handle  of  the  air-pump  will  this 
aoonraof  be  obtained  ?  —  What  is  the 
spedfie  gravit/  of  air  compared  with 
that  of  water?—  Is  that  always  the 
weight? 


CONVERSATION  VIL 


OF    THE    BLA8TI0ITT    OF    AIR. 

JFather.  I  have  told  you  that  air  is  an  elastic  fluid.  Now, 
it  is  the  nature  of  all  elastic  bodies  to  yield  to  pressure,  and 
to  endeavour  to  regain  their  former  figure  as  soon  as  the 
pressure  is  taken  o£    In  projecting  an  arrow  fix>m  your  bow. 
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you  exert  jour  strength  to  bring  the  two  encis  nearer  together; 
but  the  moment  you  let  go  the  string,  it  recovers  its  foimer 
shape.     The  power  by  which  this  is  effected  is  colled  elatticih/. 

Em.  1b  it  not  by  this  power  that  Indin-mbber,  after  it  has 
been  etretched,  recovers  its  usual  size  and  form 

Fa.  It  is:  and  almost  everything  that  you  make  use  of 
possesses  this  property  in  a  greater  or  smaller  degree.  Balls, 
marbles,  the  cords  of  musical  instruments,  are  all  clastic. 

Ck.  I  understand  how  all  these  things  are  elastic;  but  I  do 
not  see  in  what  manner  you  can  prove  the  elasticity  of  the 
■ir." 

Fa.  Here  is  a  bladder,  which  we  fill  with  air,  and  tie  up 
the  mouth,  to  prevent  its  escaping.  If  you  now  press  upon 
it  with  your  hand,  its  figure  will  be  changed;  but  the  moment 
the  pressure  is  removed,  it  recovers  its  round  shape. 

Em.  And  if  I  throw  it  on  the  ground,  or  against  any  other 
obstacle,  it  rebounds,  like  balls  or  marbleB. 

Fa.  You  are  satisjted  also,  I  presume,  that  it  is  the  air  that 
ia  the  cause  of  it,  and  not  the  bladder  that  contains  it. 

Let  us  have  recourse  to  the  air-pump,  to  exhibit  some  of  the 
more  striking  effects  of  the  elasticity  of  the  air.  I  will  let  a 
part  of  the  air  out  of  the  bladder,  and  tie  up  the  mouth  again. 
The  pressure  of  the  external  air  renders  it  flaccid,  and  you 
may  make  what  impression  you  please  upon  it,  without  its 
endeavouring  to  re-assume  its  former  figure, 

Em.  What  proof  is  there  that  this  is  owing  to  the  ex- 
ternal pressure  of  the  air? 

Fa.  Such  as  will  satisfy  you  both,  I  am  sure.  Place  it 
under  the  receiver  of  the  air-pump,  exhaust  the  air,  and  see 
the  consequences. 

Ch.  It  begins  to  swell  out; — and  now  it  has  become  as  large 
BS  when  it  was  blown  out  full  of  air. 

Fa.'  The  outward  pressure  being  in  part  removed,  the  par- 
ticles of  air,  by  their  elasticity,  distend,  and  fill  up  the  bladder; 
and  if  it  were  much  larger,  and  the  exhaustion  were  carried 
farther,  the  same  small  quantity  of  air  would  fill  it  completely, 
I  will  now  let  the  air  in  again. 

Em.  This  exhibits  a  very  striking  proof  of  the  power  and 
pressure  of  the  external  air;  fox  the  bladder  is  as  flaccid  as  it 
■was  before 

*  See  Convmition  XHX.    OtUMluaki. 
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Fa.  I  put  the  same  bladder  into  this  square  box,  without 
^7  alteration,  and  laj  upon  it  a  moveable  lid,  upon  which  I 
place  this  weight.  Bj  bringing  the  whole  under  a  receiyer, 
and  exhausting  the  external  air,  the  elasticity  of  that  in  the 
bladder  will  lift  up  the  lid  and  weight  together. 

Ch.  If  you  pump  much  more,  the  weight  will  fall  against 
the  side  of  the  glass. 

Fa,  I  do  not  mean  to  risk  that: — ^it  is  sufficient  for  you  to 
see  that  a  few  grains  of  air,  not  eyen  half  a  dozen,  will,  by  their 
elasticity,  raise  and  sustain  a  weight  of  several  pounds. 

Take  this  glass  bubble  (fig.  8):  the  bore  of  the  tube  is  too 
small  for  the  water  to  run  out;  but  if  I  place  it  under  the 
receiver  of  the  air-pump,  and  take  away  the  external  air,  the 
little  quantity  of  air  which  is  at  the  top  of  the  glass  will,  bj 
its  elastic  force,  expand  itself,  and  drive  out  all  Sie  water. 

Em.  This  experiment  shows  that  a  very  small  quantity  of 
air  is  capable  of  filling  a  large  space,  provided  the  ext^nal 
pressure  be  taken  off. 

Fa.  I  will  take  off  the  bladder  firom  this  glass.  (See  Hy- 
drostatics, fig.  18.)  The  little  images  all  swim  at  the  top;  the 
air  contained  in  them  rendering  them  rather  lighter  than  the 
water.  Tie  small  leaden  weights  to  their  feet:  these  pull  them 
down  to  the  bottom  of  the  vessel.  I  now  place  the  glass  under 
the  receiver  of  the  air-pump,  and,  by  exhausting  the  air  from  the 
vessel,  that  which  is  within  the  images,  by  its  elasticity  expands 
itself,  and  forces  out  more  water.  You  see  them  now  ascend- 
ing to  the  top,  dragging  the  weights  after  them.  I  will  let 
in  the  air,  and  the  pressure  forces  the  water  into  the  images 
again,  and  they  descend. 

Here  is  an  apple,  as  I  have  before  remarked  to  you,  very 
much  shrivelled,  which,  when  placed  under  the  receiver,  and 
the  external  air  withdrawn,  will  appear  as  plump  as  if  it 
were  newly  gathered  from  the  tree.  ^ 

Em.  Indeed  it  now  looks  so  inviting,  that  I  am  ready  to 
wish  it  were  my  own. 

Fa.  Before,  however,  you  can  get  it,  all  its  beauty  will  fade. 
I  will  admit  the  air  again. 

Ch.  It  is  as  shriveUed  as  ever.     Do  apples  contain  air? 

Fa.  Yes,  a  great  deal;  and  so,  in  fact,  do  almost  all  bodies 
that  are  specifically  lighter  than  water,  as  weU  as  many  that 
are  not  so.    It  was  the  elastic  power  of  the  air  withm  the 


apple  that  forced  out  all  the  shriTelled  parts  when  the  ex- 
ternal pressure  wus  taken  awaj. 

Here  is  a  aiaaH  gloas  of  narm  ale,  from  which  I  am  going 
to  take  awaj  the  air. 

Em.  It  seems  to  hot],  now  you  exhaust  the  atr  Sram  the 
receivex, 

fa.  The  bubbling  ia  caused  b;  the  air  endeaTouriiig  t4) 
escape  from  the  liquor.  Let  tlie  air  in  again,  and  then  taste 
the  beer. 

C/i.  It  is  flat  and  dead. 

Fa.  You  sen  of  what  importance  air  is  to  give  to  all  0(h: 
liquors  tkeir  pleoaant  and  brisk  fiavoar;  the  same  happona  to 
wine  and  other  fermeoted  fluidij. 

Em.  How  ia  it  that  the  air,  when  it  was  re-admitted,  did 
sot  eater  the  ale  again? 

Fa.  It  could  not  insinuate  it^lf  into  the  pores  of  the  beer, 
iKcause  it  is  the  lighter  body,  and  therefore  will  not  descend 
through  the  heavier.  Besides,  it  does  not  follow  that  it  ia 
the  same  sort  of  aii-  which  I  admitted  into  the  receiver  that 
was  taken  from  the  ale. 

Em.  Are  there  more  kinds  of  air  than  one? 

Jo.  Yes,  very  many;  as  we  shall  show  you  in  our  conver- 
sations on  Chemistry.  That  which  I  took  &om  the  beer,  and 
which  gives  it  the  brisk  and  pungent  taste,  is  called  fixed  air, 
or  carbonic  acid  gas,  of  which  there  is,  as  I  have  before 
observed,  but  a  very  small  quantity  pervading  the  atmosphere. 

Ch.  Ihavesooftenheardof  carbonic  acid  gas,  that  Isbould 
Iiave  thought  it  had  been  very  general  in  the  atmosphere. 

Fa.  I  will  tell  you  that  tlus  gas  ia  produced  whenever 
carbon,  which  in  its  pure  state  appears  in  the  shape  of  the 
diamond  and  of  charcoal,  is  burned  in  oxygen  gas.  A  very 
bmiliar  instance  occurs  in  the  burning  of  a  candle,  where  the 
black  wick  represents  the  carbon,  and  which,  when  in  con- 
tact with  the  oxygen  of  the  air,  supports  combustion,  gives 
light,  and  generates  carbonic  acid  gas:  the  portion  of  the  wick 
sot  within  the  reach  of  the  oxygen  of  the  air  remains  uncon- 
Bomed,  and  is  obliged  to  be  snuded  off:  whereas,  if  it  had  been 
open  to  the  air,  as  is  effected  by  Palmer's  patent  candles,  no 
Bnuffing  would  have  been  required,  and  the  whole  would  hav» 
Ijeen  consumed. 

Ch.  How  ia  this  effected  by  Palmer's  patent  condlea? 
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Fa,  There  is  a  small  wire  twisted  in  the  wi<^  whxdi  you 
have  observed  to  be  double,  the  action  of  the  heat  makes  each 
portion  bend  outward  into  the  air,  where  it  receives  in  oonse- 
quence  the  necessary  supply  of  oxygeji  to  consume  it.  The 
presence  of  carbonic  add  produces  the  effervescing  quality 
observable  in  certain  waters;  it  is  contained  in  marble,  chalk, 
and  all  lime-stone;  it  makes  lime  water  turbid;  is  evolved  also 
in  fermentation,  and  during  the  respiration  of  animals;  and 
also  extinguishes  flame,  and  suffocates  animals,  whence  miners 
give  it  the  name  of  choke-damp. 

But  to  return  to  our  subject:  the  elasticity,  or  spring  of  air, 
contained  in  our  flesh,  was  clearly  shown  by  experiment  when 
I  pumped  the  air  from  under  your  hand. 

CA.  Was  that  the  cause  of  its  swelling  downward? 

Fa.  It  was:  and  it  will  account  for  the  pain  you  felt,  wbicli 
was  greater,  and  of  a  very  different  kind  ^m  that  which  you 
would  have  experienced  by  a  dead  weight  being  laid  on  the 
back  of  the  hand,  equal  to  the  pressure  of  the  air. 

Cupping  is  an  operation  performed  on  this  principle.  Some 
operators  will  tell  you  that  they  draw  up  the  flesh;  but  if  they 
were  to  speak  correctly,  they  would  say  they  took  away  a  great 
portion  of  the  external  air  by  dilatation  from  that  part  of  the 
body  enclosed  under  the  glass,  and  then  the  elastic  force  o> 
the  air  within  extended  and  puffed  out  the  flesh  in  readiness 
for  their  lancets. 

Em,  When  I  saw  you  cupped,  he  did  not  use  an  air-pump, 
but  little  glasses,  to  raise  the  flesh. 

Fa,  Glasses  closed  at  the  top  are  now  generally  employed, 
in  which  the  operator  holds  the  flame  of  a  spirit-lamp:  by  the 
heat  of  this  the  elasticity  of  the  air  in  the  glass  is  increased, 
and  a  great  part  of  it  thereby  driven  out  by  dilatation.  In 
this  state  the  glass  is  put  on  the  part  to  be  cupped;  and  as 
the  inward  air  cools,  it  contracts,  and  the  glass  adheres  to  the 
flesh  by  the  difference  of  the  pressure  of  the  internal  and 
external  air:  immediately  upon  this  a  number  of  small  lancets 
are  suddenly  propelled  by  a  spring  into  the  swollen  flesh,  and 
the  blood  flows  from  the  wounds  to  the  extent  required:  the 
instrument  containing  the  lancets  is  called  the  scarificator^ 
and  the  term  cupping  is  used,  because  glass  cups  are  em- 
ployed in  the  operation.  If  properly  peribrmed,  it  is  by  no 
means  painfuL 
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By  some  persons,  however,  the  syringe  is  considered  as 
the  most  effectual  method  of  performing  the  operation; 
because  hj  flame  the  air  cannot  be  rarefied  more  than 
one  half;  whereas  by  the  syringe,  a  few  strokes  will  nearly 
exhaust  it. 

Here  is  another  little  square  bottle,  like  that  before  men 
tioned  (fig.  15),  excepting  that  it  is  full  of  air,  and  the  mouth 
sealed  so  closely  that  none  of  it  can  escape.     I  enclose  it 
within  the  wire  cage  b,  and  in  this  state  bring  them  under  the 
receiver,  and  exhaust  the  external  air. 

Ch.  With  what  a  loud  report  it  has  burst! 

Fa.  You  can  easily  conceive  now  in  what  manner  this 
invisible  fluid  endeavours  continually,  by  its  elastic  force,  to 
dilate  itself. 

Em.  Why  did  you  place  the  wire  cage  over  the  bottle? 

Fa.  To  prevent  the  pieces  of  the  bottle  from  breaking  the 
receiver;  an  accident  that  would  probably  have  happened 
without  this  precaution. 

Again,  take  a  new-laid  egg,  and  make  a  small  hole  in  the 
little  end  of  it;  then,  with  that  end  downwards,  place  it  in  an 
ale-glass  under  the  receiver,  and  exhaust  the  air;  the  whole 
contents  of  the  egg  will  be  forced  out  into  the  glass  by  the 
elastic  spring  of  the  small  bubble  of  air  which  is  always  to  be 
found  in  the  large  end  of  a  new-laid  egg. 


QUESTIONS  FOB  EXAIONATION. 


What  le  the  nature  of  elutio  bodies  ? 
— How  ii  elMtidtf  defined?— Do 
jataj  bodies  postesi  this  property? — 
How  is  the  elasticity  of  the  air  demon- 
strated?—What  will  fig.  8  show  in 
proof  «f  this? — Explain  the  experi- 
ment exhibited  hj  fig.  18.  Can  a 
shrfrelled  apple  be  made  to  look  plump 
and  fkir  to  the  sight,  and  on  what  does 
It  depend? — Why  does  ale  that  is 
mere!/  warm  put  on  the  appearance  of 
boiling  under  the  exhausted  reoeiyer  of 
the  air^jnimp? — What  eifect  is  pro- 


duced on  beer  and  other  liquids  by 
taUng  from  them  the  air?  —  Bj  ad- 
mitting the  air  again,  does  it  produce 
the  same  liyelj  taste  in  the  liquids  that 
the/  had  before  ?  and  if  not,  whj  so? — 
What  air  is  that  combined  with  beer? 
— How  do  you  account  for  the  pain 
felt  by  exhausting  the  air  ftt>m  under 
the  hand  ? — How  is  cupping  performed  ? 
— How  do  the  glasses  that  are  used 
in  the  operation  act? — Tell  me  what 
fig.  15  is  meant  to  show.  —What  expe- 
riment is  shown  with  a  new-laid  egg? 
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CONVERSATION  VIIL  %  ^ 

OF    THE    COMPRESSION    OF    AIH. 

Father,  I  have  alreadj  alluded  to  the  compressibiUtj  of  d|) 
which  it  is  proper  to  describe  here,  as  it  is  a  consequence  rfil 
elasticity:  for,  whatever  is  elastic,  is  capable  of  being  €bmI 
into  a  smaller  space.  In  this  respect,  air  difiers  very  nri^ 
rially  from  other  fluids. 

Ch,  You  told  us  that  water  was  compressible  in  a  yvf 
small  degree. 

Fa.  I  did  so:  but  the  compression  which  can  be  effected  wtti 
the  greatest  power  is  so  very  small,  that,  without  the  grcateil 
attention  and  nicety  in  conducting  the  experiments,  it  woali 
never  have  been  discovered.  Air,  however,  is  capable  of  beiag 
compressed  into  a  very  small  space,  compared  with  wfaai  il 
naturally  possesses. 

Em,  The  experiment  you  made,  by  plunging  an  ale-glafl 
into  water  with  its  mouth  downwards,  clearly  proved  that  Ai 
air  which  it  contained  was  capable  of  being  reduced  inio  a 
smaller  space. 

Fa.  This  bended  tube  a  b  c  is  closed  at  a  and  open 
at  c.  It  is,  in  the  common  state,  full  of  air.  I  first  pour 
into  it  a  little  quicksilver,  just  sufficient  to  cover  the  ^ 
bottom  a  b :  now  the  air  in  each  leg  is  of  the  same  den-  x 
sity ;  and  as  that  contained  in  a  b  cannot  escape,  because 
the  lighter  fluid  wiU  be  always  uppermost,  when  I  pour  ** 
more  quicksilver  in  at  c,  its  weight  will  condense  the     ^'  *®* 
air  in  the  leg  a  b  ;  for  the  air  which  filled  the  whole  length  of  the 
leg  is,  by  the  weight  of  the  quicksilver  in  c  b,  pressed  into  the 
smaller  space  a  x\  which  space  will  be  diminished  as  the  weight 
is  increased:  so  that,  by  increasing  the  length  of  the  column 
of  mercury  in  c  b,  the  air  in  the  other  leg  will  be  more  and 
more  condensed.     Hence  we  leam  that  the  elastic  spring  of 
air  is  always,  and  under  all  circumstances,  equal  to  the  force 
which  compresses  it. 

Ch.  How  is  that  proved? 

Fa.  If  the  spring  with  which  the  air  endeavours  to  expand 
itself,  when  it  is  compressed,  were  less  than  the  compressing 
force,  it  must  yield  still  farther  to  that  force;  that  is,  if  the 
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^^^j^^Of  the  air  in  A  a;  were  less  than  equal  to  the  weight  of 
me  merciuy  in  the  other  leg,  it  would  ha  forced  into  a  yet 
taiaUer  space;  but  it'  the  spring  were  greater  thoa  the  weight 
(resainp  upon  it,  it  would  not  have  jdelded  80  much;  for  you 
Ire  well  aware  that  action  and  re-action  are  equal,  and  act  in 
^^flppositc  directions. 

^^     Tou  can  now  easily  understand  why  the  lower  regions  of 
f'  A  die  atmosphere  are  denser  than  those  higher. 

£m.  Because  they  are  prcaaed  upon  by  all  the  air  that  is 
above  them,  and  therefore  condensed  into  a  smaller  space. 

Fa.  Consequently  the  air  grows  gradually  thinner,  till,  at 
a  considerable  height,  it  may  be  conceived  to  degenerate  to 
□othiug.  Suppose  the  perpendicular  height  of  the  atmosphere 
to  be  divided  into  100  parts,  or  strata,  each  an  ounce  in  weight; 
the  lowest  part  would  support  the  99  ounces  above  it,  and  of 
coarse  be  considerably  compressed  by  the  weight;  the  next 
part  would  have  to  support  less,  and  so  ou  gradually,  till  it 
come  to  the  uppermost  stratum,  which  would  only  have  to 
support  its  own  weight  of  one  ounce:  from  this  we  can  easily 
inu^sa  tiie  diSereut  degrees  of  pressure  of  the  atmosphere  at 
tlieleTeI<f  theeeaandon  the  tops  of  lofty  mountains,  and  so  in 
the  opposite  direction,  if  a  pit  were  dug  to  an  immense  depth, 
and  by  way  of  argument,  say  to  the  extent  of  thirty  milea,  the 
dsnsi^  of  the  air  occasioned  by  the  superincumbent  pressure 
^ronld  approach  to  that  of  water;  and  at  42  miles  it  would  be 
of  the  same  density  ns  quicknilver.  These  dilferent  densities  of 
tbs  air,  however,  may  be  familiarly  illustrated  by  conceiving 
^  tirecty  or  thirty  equal  packs  of  wool  placed  one  uixm  another, 
K'^fl  lowest  will  be  forced  into  a  less  space;  that  is,  its  parts 
l-frill  be  brought  nearer  together,  and  it  will  be  more  dense 
"  I  the  next;  and  that  will  he  more  dense  than  the  third 
1  the  bottom,  and  so  ou  till  you  come  to  the  uppermost, 
^hich  sustains  no  other  pressure  than  that  occasioned  by  the 
pnight  of  the  incumbent  tur,  and  would  therefore  lay  loose, 
IBd  light. 

.  £ai.  Then  I  suppose  the  water  at  the  bottom  of  the  aea 
Ezanst  be  very  dense. 

B,  Fa.  No;  tijr  I  have  observed  to  you  that  water  is  not  an 
■«Ustic  fluid,  and  therefore  not  compressible  into  a  smaller 
'luue;  so  that  the  water  at  the  top  of  the  ocean  is  of  equal 
isity  with  that  at  the  bottom. 
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Let  us  now  see  the  effects  of  condensed  air,  bj  means  of  an 
artificial  fountain.  This  vessel  is  made  of  strong  copper,  and 
is  about  half  full  of  water.  With  a  syringe  that 
screws  on  to  the  pipe  b  a,  I  force  a  considerable  quan- 
tity of  air  into  the  vessel;  so  that  it  is  very  much  con- 
densed. By  turning  the  stop-cock  b  while  I  take  off 
the  syringe^  no  water  can  escape;  and,  instead  of  the 
syringe,  I  put  on  a  jet,  or  very  small  tube;  after  which 
the  stop-cock  is  turned,  and  the  pressure  of  the  con- 
densed air  forces  the  water  through  the  tube  to  a 
very  great  height. 

Ch.  Do  you  know  how  high  it  ascends? 

Fa.  Not  exactly:  but  as  the  natural  pressure  of 
the  air  will  raise  water  34  feet,  so,  if  by  condensation  ^^ 

its  pressure  be  tripled,  it  will  rise  68  feet. 

Em,  Why  tripled?  Ought  it  not  to  rise  to  this  height  by 
a  double  pressure? 

Fa.  You  forget  that  there  is  the  common  pressure  always 
acting  against,  and  preventing,  the  ascent  of  the  water;  there- 
fore, besides  a  force  within  to  balance  that  without,  there  must 
be  a  double  pressure.  You  must  also  understand  that  the  density 
of  the  air  diminishes  in  the  duplicate  ratio  of  its  altitude;  for 
if  at  a  certain  height  from  the  surface  of  the  earth  its  density 
be  one  half  of  that  which  it  is  at  the  surface,  then  at  twice  the 
height  the  density  will  be  only  one  fourth  of  that  which  it  is 
at  the  surface. 

Ch,  You  described  a  sjoinge  to  be  like  a  common  water 
squirt.  How  are  you  able  by  an  instrument  of  this  kind  to 
force  in  so  great  a  quantity  of  air?  Will  it  not  return  by  the 
same  way  it  is  forced  in? 

Fa,  Tlie  only  difference  between  a  condensing  syringe  and 
a  squirt  is,  that,  in  the  former  there  is  a  valve  that  opens 
downwards,  by  which  air  may  be  forced  through  it;  but  the 
instant  the  downward  pressure  ceases,  the  valve,  by  means 
of  a  strong  spring,  shuts  closely,  so  that  none  can  return. 

Em.  Will  not  air  escape  during  the  time  you  are  forcing 
in  more  of  the  external  air? 

Fa.  That  would  be  the  case  if  the  syringe-pipe  went  no 
lower  than  that  part  of  the  vessel  which  contains  the  air;  but 
it  reaches  to  a  considerable  depth  in  the  water;  and  as  it  cannot 
find  its  way  back  up  the  pipe,  it  must  ascend  through  the 


■T,  and  cause  that  pressure  upon  it  which  has  been  de- 
■cribed. 

Ch.  To  what  extent  can  air  be  compresserl? 

JFa.  If  the  apparatus  be  strong  enough,  and  a  sufficient 

L,power  applied,  it  may  be  condensed  several  thousand  times; 

K'tiiat  IB,  a  vessel  which  will  contnin  a  gallon  of  air  in  its  natural 

itate  may  be  made  to  contain  several  thousand  gallons. 

Bjr  meana  of  a  fountain  of  this  kind,  young  people,  like 

ryouraelvcB,  may  receive  much  entertainment  with  only  a  few 

I  hdditioDal  jets,  which  are  made  to  screw  on  and  off.     One 

I' kind  is  so  formed  that  it  will  throw  up  and  sustain  on  the 

I  (tream  a  little  cork  bull,  scattering  the  water   all  around. 

J  Another  is  made  in  the  form  of  a  globe,  pierced  with  a  great 

I  number  of  holes,  all  tending  to  the  centre,  exhibiting  a  very 

[  pleasing  sphere  of  water.     One  is  contrived  to  show,  in  a  neat 

I  Banner,  the  composition  and  resolution  of  forces  explained  in 

I  Conversation  xiii.  of  Mechanics.     Some  will  form  cascades; 

1  imd  by  others,  when  the  sun  shines  at  a  certain  height  in  the 

heavens,  you  may  exhibit  artificial  rainbows.* 

Wewill  now  force  in  a  fresh  supply  of  air,  and  try  some  of 
these  jets. 

Em,  I  observed,  in  the  upright  jets,  that  the  height  to 
which  the  water  was  thrown  was  continually  diminishing. 

/().  The  reason  is  thif:  in  proportion  as  the  quantity 
of  water  in  the  fountain  is  lessened,  the  air  has  more  room  to 
expand,  the  compression  is  diminished,  and  consequently  the 
pressure  becomes  less,  tiL  at  length  it  is  no  greater  within 
than  It  is  without,  and  then  the  fountain  ceases  altogether 
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CONVERSATION  IX. 

XI8CBLLAKE0178  SXPEBIMXNT8  OM  THE  AIR-FUIPP. 

Father.  To  impress  what  we  have  been  cansidering  more 
stronglj  in  jour  memories,  I  shall,  to-daj,  exhibit  a  few 
experiments,  without  any  regard  to  the  pardcular  aobjects 
under  which  they  might  be  arranged. 

In  this  jar  of  water  I  plunge  some  pieces  of  iron,  zincy  stone, 
&c.;  and  you  will  see  that  when  I  exhaust  the  external  air, 
by  bringing  the  jar  under  the  receiver  of  the  air-pump,  the 
elastic  power  of  the  air  contained  in  the  pores  of  diese  solid 
substances  will  force  them  out  in  a  multitude  of  globules, 
and  exhibit  a  very  pleasing  spectacle,  like  the  pearly  dew- 
drops  on  the  blades  of  grass;  but  when  I  admit  the  air,  they 
will  suddenly  disappear. 

Em.  This  proves  what  you  told  us  a  day  or  two  ago,  that 
substances  in  general  contain  a  great  deal  of  air. 

Fa,  Instead  of  bodies  of  this  kind,  I  will  plunge  in  some 
vegetable  substances,  such  as  a  piece  or  two  of  the  stem  of 
beet-root,  angelica,  edible  rhubarb,  &c. ;  and  now  observe,  when 
I  have  exhausted  tne  receiver,  what  a  quantity  of  air  is  forced 
out  of  the  little  vessels  of  these  plants  by  means  of  its  elasticity. 

Ch.  From  this  experiment  we  may  conclude  that  air  makes 
no  small  part  of  all  vegetable  substances. 

Fa.  To  this  piece  of  cork,  which  of  itself  would  swim  on 
the  surface  of  water,  I  have  tied  some  lead,  just  enough 
to  make  it  sink.  By  taking  off  the  external  pressure,  the 
cork  will  bring  the  lead  up  to  the  surface. 

Em.  Is  that  because,  when  the  pressure  is  taken  off,  the 
substance  of  the  cork  expands,  and  becomes  specifically  lighter 
than  it  was  before? 

Fa.  It  is:  this  experiment  may  be  varied  by  sinking  a 
bladder  in  water,  in  which  is  tied  up  a  very  small  quantity  of 
air,  for  when  the  external  pressure  is  removed,  the  elasticity 
of  the  air  within  the  bladder  will  expand  it,  make  it  specifically 
lighter  than  water,  and  bring  it  to  the  surface. 

The  next  experiment  shows  that  the  ascent  of  smoke  and 
vapours  depends  on  the  air.  I  will  blow  out  this  candle,  and 
put  it  under  the  receiver;  the  smoke  now  rises  to  the  top;  hut 


a  as  the  air  is  exhausted  to  it  certain  degree,  the  smoke 
descends,  like  all  other  heavy  bodies. 

Ch.  Do  smoke  and  vapours  rise  because  they  are  lighter 
a  the  surrounding  air? 
Fa.  Yes:  ssometimea  you  see  smoke  from  a  chimney  liae 
/  perpendicularly  in  a  long  column;  the  air  then  is  very 

■  keavy:  at  other  times  you  may  see  it  descend,  which  is  a  proof 
it  the  density  of  the  atmuBphere  is  very  much  diminished, 

'a  fact,  less  than  that  of  the  smoke.     And  at  all  times 
tlie  amoke  can  ascend  no  higher  than  where  it  meets  with  air 
'   of  a  density  equal  to  itaelf;  and  there  it  will  spread  about 
Hke  a  cloud. 

£m.  What  is  amokc,  Papa? 

Fa.  Properly  speaking,  smoke  ia  nothing  more  than  the 

onconsumed  and  very  minute  particles  of  fuel,  which  are  cor- 

r  lied  up  by  the  warm  and  rarefied  air, which  is  so  much  lighter 

n  the  atmosphere;  but  when  tliese  are  cooled  and  condensed, 

Ihey  descend  again,  and  often  assume  the  appearance  of  small 

iU»ck  flakes. 

This  figure  is  nsually  called  the  lungs  glass 
[  A  bladder  is  tied  close  about  the  little  pipe  a 
I  which  is  screwed  into  the  bottle  a.     I  introduce 

I  it  under  the  receiver  a  b,  and  begin  to  exhaust 
kUteair  of  the  receiver,  and  tliat  in  the  bladder, 
Rootninunicating  with  it,  will  also  be  withdrawn: 

"  s  elastic  force  of  the  air  in  the  bottle  a  will 

T  press  the  bladder  into  the  shrivelled  state  represented  in 
e  figure.  I  will  admit  the  air,  which  expands  the  bhidder; 
d  thus  by  alternately  exhausting  and  rc-admitting  the  air, 

I I  show  the  action  of  the  lungs  iu  breathing.  But  perhaps  the 
I  JbUowing  experiment  will  give  n  better  idea  of  the  subject; 
t  A  represents  the  lungs,  B  the  windpipe 
■leading  to  them,  which  is  closely  fixed 

'a  the  nock  of  the  bottle  from  vrhich 
e  air  cannot  escape:  d  is  a  bladder 

■  tied  to  the  bottom,  and  in  its  disten- 
Ided   state   (fig.  21)  will,    with   the 
P  Internal  cavity  of  the  bottle,  represent 
I  Tflwt  cavity  of  the  body  which  but-       Fig-  »l- 
L  rounds  the  lungs  at  the  moment  you  have  taken  ii 
k 'force  up  c  as  in  fig.  22,  and  now  the  bladder  is 
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by  the  pressure  of  the  external  air  in  the  bottle,  andrqpresenta 
the  lungs  just  at  the  moment  of  expiration. 

Em.  Does  fig.  21  show  the  state  of  the  lungs  sitest  I  haye 
drawn  in  my  breath,  and  fig.  22  when  I  have  thrown  it  oat 
forcibly? 

Fa,  That  is  what  the  figures  are  intended  to  represent; 
and  they  are  well  adapted  to  show  the  elevation  and  com- 
pression of  the  lungs,  although  I  do  not.mean  to  assert  that 
the  action  of  the  lungs  in  breathing  depends  upon  air  in  the 
same  manner  as  that  in  the  bladder  does  upon  the  air  which 
is  contained  in  the  cavity  of  the  bottle. 

CA.  For  what  purpose,  Papa,  is  the  air  taken  into  the 
lungs? 

Fa.  The  object  of  taking  air  into  the  lungs,  called  respiration, 
is  to  aerate  the  blood,  that  is,  make  some  interchange  of  ingre- 
dients between  that  fluid  and  the  air;  and  without  which  the 
functions  of  the  brain  would  cease,  and  animal  life  be  destroyed. 
It  has  been  found  that  the  lungs  decompose  the  air  into  its 
elemental  principles,  or  constituent  gases,  and  while  retaining 
the  oxygen  for  the  aeration  of  the  blood  and  support  of  life, 
it  rejects  the  nitrogen,  and  expels  also  with  it  a  considerable 
portion  of  carbonic  acid  gas  and  aqueous  vapour.  From  this 
fact,  it  may  be  imderstood  why  crowded  rooms,  where  the 
oxygen  has  been  inspired,  and  so  much  carbonic  acid  expired, 
and  the  air,  thus  deteriorated,  and  breathed  again  and  again, 
are  so  imhealthy  and  oppressive,  often  causing  intense  head- 
ache, and  considerable  languor.  It  is  the  oxygen  of  the  air 
that  gives  the  red  colour  to  the  blood. 

But  to  proceed:  I  have  exactly  balanced  on  this  scale-beam 
a  piece  of  lead  and  a  piece  of  cork:  in  this  state  I  will  intro- 
duce them  under  the  receiver,  and  exhaust  the  air. 

Ch.  The  cork  now  seems  to  be  heavier  than  the  lead. 

Fa.  In  air,  each  body  last  a  weight  proportional  to  its  bulk; 
but  when  the  air  is  taken  away,  the  weight  lost  will  be 
restored:  but  as  the  lead  lost  least,  it  will  now  retrieve  the 
least,  consequently  the  cork  will  preponderate  with  the  dif- 
ference of  the  weights  restored  by  taking  away  the  air. 

Thus  you  see  that,  in  a  vacuum,  a  pound  qfcork^  or  JeatherSp 
would  be  heavier  tkan  a  pound  of  lead. 
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QUESTIONS  FOB  EXAMINATION'. 


Hoir  u  H  prored  that  various  rab* 
stances,  as  metals,  stones,  &c^  contain 
air? — Show  the  same  ofyegetables. — 
What  is  inferred  tram  this  experiment  ? 
— What  is  the  explanation  of  the  ex- 
periment with  oorlc? — Can  the  same 
be  shown  l^  a  bladder  ?  —  Upon  what 
does  the  aseent  of  smoice  and  yapoors 
depend? — Why  does  the  smoke  of  a 


chimnej  lometimei  rise  TCiy  high  and 
in  a  perpendicular  direction  ?  —  What 
is  fig.  20  intended  to  show  ?  —  Explain 
the  same  by  means  of  figs.  31  and  M.-^ 
What  is  the  experiment  of  lead  and 
cork  intended  to  prove  ?  —  How  is  this 
explained  ?  —  In  what  state  is  a  poond 
of  feathers  heavier  than  a  poond  of 
lead? 


CONVERSATION  X. 


OF   THE   AIR-GUN   AMD    SOUND. 

Father.  The  air-gun  is  an  instrument,  the  effects  of  which 
depend  on  the  elasticity  and  compression  of  air. 

Urn,  Is  it  used  for  the  same  purposes  as  common  guns? 

Fa,  Air-guns  will  answer  all  the  purposes  of  a  musket  or 
fowling-piece:  hullets  discharged  from  them  will  kiU  animals 
at  the  distance  of  50  or  60  yards.  They  make  no  report;  and, 
on  accoimt  of  the  great  mischief  they  are  capable  of  doing, 
without  much  chance  of  discovery,  they  are  often  the  instru- 
ment of  the  assassin,  and  are  therefore  deemed  illegal,  and  are, 
or  ought  to  be,  found  nowhere  but  among  the  apparatua  of 
the  experimental  philosopher. 

Ch,  Can  you  show  us  the  construction  of  an  air-gun  ? 

Fa,  It  was  formerly  a  very  complex  machine,  but  now  its 
construction  is  very  simple;  this  is  one  of  the  most  approved. 


Fig.  28. 


Em.  In  appearance  it  is  very  much  like  a  common  musket, 
with  the  addition  of  a  round  ball. 

Fa.  That  ball,  c,  is  hoUow,  and  contains  the  condensed  dr, 
into  which  it  is  forced  by  means  of  a  syringe,  and  then 
screwed  to  the  barrel  of  the  gun. 

Ch,  Is  there  fixed  to  the  ball  c  a  valve  opening  inwards? 

Y 
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Fa,  There  is:  and  when  the  leaden  bullet  is  rammed  down, 
the  trigger  is  pulled  back,  which  forces  down  the  hook  b  upon 
ihe  pin  connected  with  the  valve,  and  liberates  a  portkui  of 
the  condensed  air;  this,  rushing  through  a  hole  in  the  lock 
into  the  barrel,  will  impel  the  bullet  to  a  great  distance:  the 
bullet,  however,  must  fit  the  barrel  exactly,  so  as  to  admit 
no  windage. 

Em,  Does  not  all  the  air  escape  at  once? 
Fa.  No:  if  the  gun  be  well  made,  the  copper  ball  will  con* 
tain  enough  for  15  or  20  separate  charges:  so  that  one  of  these 
guns  is  capable  of  doing  much  more  execution,  in  a  given 
time,  than  a  common  fowling-piece,  but  it  is  not  so  applicable, 
from  requiring  some  time  to  charge  it. 

Ch,  Does  not  the  strength  of  the  charges  diminish  each 
^time? 

Fa,  Certainly:  because  the  condensation  becomes  less  upon 
the  loss  of  every  portion  of  air;  so  that  after  a  few  discharges^ 
the  ball  will  be  projected  only  a  short  distance.  To  remedy 
this  inconvenience,  you  might  carry  a  spare  ball  or  two  ready 
filled  with  condensed  air  in  your  pocket,  to  screw  on  when 
the  other  was  exhausted.  This  kind  of  instrument  is  some- 
times made  as  a  walking-stick. 

Ch.  I  should  like  to  have  one  of  them 
Fa.  I  dare  say  you  would:  but  you  must  not  be  trusted 
with  instruments  capable  of  doing  much  mischief,  till  it  is 
quite  certain  that  your  reason  will  restrain  you  from  actions 
tiiat  might  annoy  or  endanger  other  persons  as  well  as  your- 
self. 

A  still  more  formidable  instrument  is  called  the  magazine 
wiryi-gun.  In  this  there  is  a  magazine  of  bullets  as  well  as 
another  of  air,  and  when  it  is  properly  charged,  the  bullets 
may  be  projected  one  after  another  as  fast  as  the  gun  can  be 
cocked  and  the  pan  opened.  The  syringe  in  these  is  fixed  to 
the  butj;  of  the  gun,  by  which  it  is  easily  charged,  and  may  be 
kept  in  that  state  for  a  great  while. 

Ch,  What  is  the  difference  of  effect  between  condensed 
«ir  and  gunpowder  in  propelling  bullets? 

Fa.  The  elastic  force  of  ignited  gunpowder  may  be  esti- 
mated at  from  1000  to  2000  times  greater  than  tliat  of  common 
«ir;  80  that  air  must  be  condensed  upwards  of  1000  times  to 
possess  the  same  propulsive  power  as  gunpowder.     And  since 
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*«looitj  IB  as  tbe  square  root  oF  tlie  force,  if  the  condenBation 
is  only  t«u  timcH,  tlie  force  acquired  is  only  one  liundredth  port 
of  that  of  gunpowder;  in  the  air-gun,  however,  the  propeliing 
£>rce  IB  continued  againi^t  the  bullet  throughout  the  whole 
Imgth  of  the  barrel,  which  is  not  so  with  gunpowder,  for 
the  force  ceases  to  act  some  time  before  the  bullet  quits  the 

Em.  Does  air  never  lose  its  elastic  power? 

Fa.  It  would  be  too  much  to  usaert  thtit  it  never  will:  but 
experiments  have  been  tried  upon  diflercnt  portions  of  it, 
which  have  beeii  fuund  ae  elastic  as  ever  after  the  lapse  of 
many  months,  and  even  yeiu-g. 

CA.  What  is  tbia  bed  for? 

Fa.  I  took  it  out  to  show  you  that  air  is  the  medium  by 
which,  in  general,  sound  ii  communicated.  I  wiil  place  it 
wider  tlie  receiver  of  the  air-pump,  and  exhaust  the  air. 
How  observe  tbe  chipper  of  the  bell  while  I  shake  the  appa- 
mtus. 

Em.  I  Bee  clearly  tbat  the  clapper  strikes  the  side  of  the 
beD;  but  I  do  not  hear  the  least  noise. 

Fa,  Turn  tbe  cock  and  admit  the  ah-.  Now  you  bear  the 
sound  plunly  enough: — and  if  1  use  the  syringe  and  a  different 
kind  of  glass,  so  as  to  condense  the  air,  the  sound  will  be  very 
much  increased.  Dr.  Desagulicrs  says,  that  in  air  twice  as 
dense  aa  common  air  he  could  bear  the  sound  of  a  bell  at 
double  tbe  distance. 

C/i.  Is  it  on  account  of  the  different  densities  of  the  atmo- 
sphere that  we  hear  St.  Paul's  clock  so  much  plainer  at  one 
lime  than  at  another? 

Fa.  Undoubtedly  the  different  degrees  of  density  in  the 
Ktmosphere  will  occasion  some  difference:  but  theprincipul  cause 
depends  on  the  quarter  from  wliich  the  wind  blows;  for  as 
the  direction  of  that  is  towards  or  opposite  to  our  house,  we 
hear  the  clock  more  or  less  distinctly. 

Em.  Does  it  not  requu-e  great  strength  to  condense  wr? 

Fa.  That  depends  much  on  tbe  size  of  the  piston  belonging 
to  tlie  syringe:  for  tbe  force  required  increases  in  proportion 
to  tbe  square  of  the  diameter  of  the  piston- 
Suppose  tbe  area  of  the  base  of  the  piston  to  be  one  inch, 
and  you  have  already  forced  bo  much  air  into  the  vessel  that 
hs  density  IB  donble  that  of  coniDion  air;  the  reaiBtance  opposel 
T  2 
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to  joa  will  be  eqml  to  15  pounds;  but  if  jou  would  ha^e  H  tea 
times  as  dense,  the  resistance  will  be  equal  to  150  pounds. 
7h.  That  would  be  more  than  I  could  manage. 

Fa,  Well,  then,  you  must  take  a  sjringe  the  area  of  whose 
piston  is  onlj  half  an  inch;  and  then  the  resistance  would  be 
equal  to  only  the  fourth  part  of  150  pounds,  because  the  square 
of  4  is  equi^  to  \.^ 

Em,  You  said  that  the  air  was  generaUy  the  medium  by 
which  sound  is  conveyed  to  our  ears.     Is  it  not  always  so? 

Fa,  Air  is  always  a  good  conductor  of  sound;  so  is  ice  and 
frozen  snow,  but  water  is  a  still  better.  Two  stones  being 
struck  together  under  water,  the  sound  may  be  heard  at  a 
greater  distance,  by  the  ear  placed  imder  water  in  the  same 
riyer,  than  it  can  through  the  air.  In  calm  weather  a  whisper 
may  be  heard  across  a  wide  river. 

The  slightest  scratch  of  a  pin  at  one  end  of  a  long  piece  of 
timber  may  be  heard  by  the  ear  applied  close  to  the  other  end, 
though  it  could  not  be  heard  at  half  the  distance  through  the 
air. 

The  earth  is  not  a  bad  conductor  of  sound.  It  is  said,  that 
by  applying  the  ear  to  the  ground,  the  trampling  of  horses 
may  be  heard  much  sooner  than  it  could  be  through  the  me- 
dium of  the  air.  Recourse  has  sometimes  been  had  to  this 
mode  of  learning  the  approach  of  a  hostile  army. 

Take  a  long  strip  of  liannel,  and  in  the  middle  tie  a  common 
poker,  which  answers  as  well  as  anything,  leaving  the  ends  at 
liberty:  these  ends  must  be  rolled  round  the  end  of  the  first 
finger  of  each  hand,  and  then,  stopping  the  ears  with  the  ends 
of  these  fingers,  strike  the  poker,  thus  suspended,  against  any 
body,  sucli  as  the  edge  of  a  steel  fender;  the  depth  of  tlie  tone 
which  the  stroke  will  return  is  amazing:  that  made  by  the 
Ifirgest  church  bell  is  not  to  be  compared  with  it. — Thus  it 
appears  that  flannel  is  an  excellent  conductor  of  sound.  But 
before  we  proceed  I  will  put  a  few  questions,  to  ascertain  your 
knowledge  of  these  8Jt?>jects  as  far  as  we  have  gone. 

And  first,  what  conclusions  do  you  deduce  from  this  con- 
versation on  the  nature  of  air? 

Ch,  I  undei-stand  that  the  particles  of  air  give  way  to  every 
fmall  impression,  and  move  freely  among  one  another;  so  that 

.•  Hm  pfosre  of  as/  nninber  being  the  number  multiplied  into  itself  i  X  |  = 
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SQJ  force  that  presses  upon  air,  presses  in  all  directions  simul* 
taneouslj. 

Fa.  Tell  me,  Emma,  what  occasions  air  to  be  sometimes 
denser  than  at  other  times. 

Em.  It  becomes  denser  when  the  pressure  upon  it  is  in* 
creased. 

Fa,  And  what  causes  it  to  expand? 

Em,  A  diminution  of  pressure,  as  you  proved  to  us  by  the 
experiments  we  have  just  witnessed. 

Fa.  WhAt  force  is  it,  Charles,  that  compresses  common 
air? 

Ch.  It  is  the  weight  of  the  atmosphere;  and  the  spring  of 
air  is  equal  to  that  weight;  for  they  always  balance  each  otihter, 
and  produce  equal  effects. 

Fa.  What  is  the  power  of  the  pressure  of  the  atmosphere? 

Ch.  Near  the  surface  of  the  earth  it  is  said  to  be  about 
fifteen  pounds  avoirdupois  upon  every  square  inch. 

Fa,  What  do  you  remember  respecting  the  elasticity  of  the 
air? 

Ch.  We  have  been  shown,  under  the  head  of  repulsion,  that 
if  the  particles  of  a  fluid  repel  each  other  with  a  force  recipro- 
cally proportional  to  their  distances,  such  a  fluid  will  be 
elastic,  and  capable  of  compression;  and  the  repulsive  force, 
as  well  as  the  attractive,  seems  to  stop  at  the  first  particles  it 
acts  upon;  never  extending  itself  to  other  particles,  which  lie 
beyond  the  first  in  a  right  line. 

Fa,  What,  then,  is  the  nature  of  the  repulsive  property  of 
the  particles  of  air? 

Ch,  There  is  an  opinion  that  it  is  produced  from  certain 
ponderous  substances,  and  that  it  is  not  to  be  overcome  and 
changed  into  attraction  by  any  known  force  whatever. 
Wherefore,  when  water  is  changed  into  vapour,  by  having  its 
parts  separated  and  put  into  a  state  of  repubion,  the  vapour 
is  lighter  than  air;  and  for  this  reason  they  float  in  it,  and  are 
raised  up  to  a  considerable  height  in  the  atmosphere,  where 
its  weight,  and  consequently  its  pressure  and  density,  is  less 
than  when  near  the  surface  of  the  earth,  but  equal  to  the 
stratum  in  which  it  takes  its  rest. 

Fa.  Then  you  conclude  that  a  moist  atmosphere  is  heavier 
than  a  clear  and  dry  one? 

Ch.  Yes;  in  the  proportion  that  a  quantity  of  suspended 
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Ttpoars  in  the  first  case  exceeds  the  quantity  of  suspended 
Tapours  in  the  second. 

Fa.  Do  moist  vapours  lessen  the  elasticity  of  the  air? 

Ch,  Yes;  because  the  force  of  repulsion  in  them  is  less  than 
in  the  particles  of  air. 

Fa,  Can  you  tell  me,  Emma,  why  vapours  are  sometimes 
visible,  and  at  other  times  not  visible? 

Em.  When  the  surrounding  air  is  nearly  of  the  same  tem- 
perature as  the  water  from  which  the  vapours  rise,  they  are 
invisible;  but  when  the  air  is  colder  than  theVater,  the 
vapour  is  condensed  as  it  rises,  and  becomes  visible.  Hence 
it  is  that  the  breath  of  animals  is  visible  only  in  cold  weather* 

Fa,  What  do  you  imagine  the  height  of  our  atmosphere  to 
be? 

Ch,  If  the  air  were  a  compressed  fluid,  the  height  of  the 
atmosphere  would  be  twenty-nine  thousand  feet,  or  somewhat 
above  five  miles;  but  as  the  air  is  elastic,  and  expands  itseli 
at  all  altitudes  in  proportion  as  the  pressure  of  the  incumbent 
part  of  the  atmosphere  decreases,  the  atmosphere  must  extend 
to  a  much  greater  height  than  that  above  mentioned. 

Fa,  Can  you  describe  to  me  the  general  properties  of 
common  air? 

Ch,  I  have  understood  that  it  partially  consists  of  a  certain 
vwifying  spirit,  or  gas,  termed  oxygen,  which  is  absolutely 
necessary  to  the  preservation  and  continuance  of  animal  life. 

Fa,  What  are  the  properties,  then,  of  this  vivifying'  gas? 

Ch,  It  is  a  supporter  of  combustion,  and  consequently  of  a 
nature  proper  to  feed  fire. 

Fa.  How  do  you  make  this  evident? 

Ch,  By  several  instances;  but  the  most  striking  is,  that  if 
we  blow  a  fire,  it  bums  more  fiercely,  for  the  current  of  air 
feeds  the  fire  with  a  continual  supply  of  inflammable  particles: 
and  if  the  fire  goes  out  of  itself,  it  is  from  not  having  been 
edOfectively  fed  with  fresh  air.  It  is  very  weU  known  that  if 
we  wish  to  make  a  fire  bum  well,  it  must  be  supplied  with  a 
current  of  fresh  air. 

Fa.  How  is  air  rendered  unhealthy? 

Ch,  By  passing  through  the  fire  or  through  the  lungs  of 
any  animal,  and  by  corruption  and  putrefaction,  as  frequently 
experienced  in  the  hold  of  a  ship,  in  mines,  wells,  and  oth^ 
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dom  places,  which  are  all  charged  with  that  deleterious  ^as, 
called  carbonic  acid  gas. 

Fa.  I  am  glad  to  find  you  both  have  been  so  attantive:  in 
our  next  conversation  we  will  proceed  with  the  nature  of 
sound. 

QUESTIONS  FOR  EXAMINATION. 


Upon  wlMl  do  the  effecta  of  the  air- 
fim  depend? — Will  air-gons  act  like 
eommon  guiM? — What  are  the  cha- 
racterittica  of  ahr-gmu  ? —  Explain  the 
oanatmctkm  of  an  air-gun. — Doea  all 
the  air  of  an  air-gim  eecape  at  a  single 
discharge  ?  -^  Does  the  strength  of  each 
dischaige  remain  the  same?  —  What 
is  the  magasine  wind-gnn  ?  —  Does  air 
iMrer  lose  its  elastic  power  ? — How  is  it 
prored  that  air  is  the  medium  of  soimd  ? 


—  Why  are  sounds  fiom  a  distanoe 
heard  so  much  plainer  at  one  time  than 
another?  —  Is  great  strength  required 
to  condense  air? — Upon  what  doai 
the  power  required  for  condensing  de- 
pend ?  —  How  may  it  be  regulated  to 
any  given  degree  ? —  Is  there  any  other 
body  besides  air  that  will  oonvey  sound  f 

—  Is  the  earth  a  good  conductor?— 
What  experiment  is  shown  with  a  8li|^ 
of  flannel? 


CONVERSATION  XI. 


OF    SOUND. 

Father.  We  shall  devote  this  conversation  to  the  consider- 
ation of  some  curious  circumstances  relating  to  sound;  which, 
as  depending  upon  the  air,  will  come  very  properly  under 
Pneumatics;  and  in  doing  so  we  must  transfer  our  ideas  from 
the  sensation  to  the  motion  that  excites  that  sensation. 

Ch,  You  showed  us  yesterday  that  the  stroke  made  by  the 
clapper  of  a  bell  was  not  audible  when  it  was  under  an 
exhausted  receiver.     Is  air  the  cause  of  sound? 

Fa.  Certainly,  in  many  cases  it  is:  of  this  kind  is  thunder, 
the  most  awful  sound  in  nature.  In  fact,  sound  is  produced 
by  the  quick  vibration  of  some  body,  and  it  can  only  reach 
the  ear  by  means  of  the  air  or  some  other  elastic  fluid. 

Em.  Is  thunder  produced  by  the  air? 

Fa.  Thunder  is  generally  supposed  to  be  produced  by  the 
concussion  or  striking  together  of  two  bodies  of  air;  for  fight- 
ning,  darting  through  the  air,  causes,  by -its  great  velocity,  a 
vacuum,  and  the  separated  bodies  of  air  rushing  together  pro- 
duce the  noise  we  call  thunder.  The  same  effect,  only  in 
miniature,  is  produced  by  the  ignition  of  gunpowder. 
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.  d.  Can  ibe  report  of  a  large  cannon  be  called  a  mbiiatare 
imitation?  I  remember  being  once  in  a  room  at  the  distanoQ 
of  but  a  few  paces  from  the  Tower  guns  when  they  were  fired, 
and  the  noise  was  infinitely  worse  than  any  thunder  that  X 
ever  heard. 

Fa,  This  was  because  you  were  near  to  them:  gunpowder, 
so  tremendous  as  it  is  in  air,  when  inflamed  in  a  vacuum 
makes  no  more  sound  than  the  bell  in  like  circumstances. 

Mr.  Cotes  mentions  a  very  curious  experiment,  which  vras 
contrived  to  show  that  sound  cannot  penetrate  through  a 
vacuum.  A  strong  receiver,  filled  with  common  atmospheric 
air,  in  which  a  beU  was  suspended,  was  screwed  down  to  a 
brass  plate  so  tight  that  no  air  could  escape,  and  this  was 
included  in  a  much  larger  receiver.  When  the  air  between 
the  two  receivers  was  exhausted,  the  sound  of  the  bell  could 
not  be  heard. 

Em,  Could  it  be  heard  before  the  air  was  taken  away? 

Fa,  Yes:  and  also  the  moment  it  was  re-admitted. 

Ch,  What  is  the  reason  that  some  bodies  sound  so  much 
better  than  others?  Bell-metal  is  more  musical  than  copper 
or  brass;  and  these  sound  much  better  than  many  other  sub- 
Stances 

Fa,  All  sonorous  bodies  are  clastic,  the  parts  of  wliich,  by 
percussion,  are  made  to  vibrate,  and  as  long  as  the  vibrations 
continue  corresponding  vibrations  are  communicated  to  the 
air;  and  these  produce  sound.  Musical  chords  and  bells  will 
illustrate  this. 

Em,  The  vibrations  of  the  bell  are  not  visible;  and  musical 
chords  will  vibrate  after  the  sound  has  ceased. 

Fa,  If  light  particles  of  dust  be  on  the  outside  of  a  bell 
when  it  is  struck,  you  will,  by  their  motion,  have  no  doubt 
but  that  the  particles  of  the  metal  move  too,  though  not  suf- 
ficiently to  be  visible  to  the  naked  eye:  and  although  the 
motion  of  a  musical  string  continues  after  the  sound  ceases  to 
be  heard,  yet  it  does  not  follow  that  sound  is  not  still  produced, 
but  only  that  it  is  not  sufficiently  strong  to  produce  a  sensation 
in  |he  ear.  You  see  in  a  dark  night  the  flash  of  a  gun; 
but,  being  at  a  considerable  distance  from  it,  you  hear  no 
report. 

If,  however,  you  knew  that  the  light  was  occasioned  by  the 
ignition  of  gunpowder  in  a  musket  or  pistol,  you  would  con- 
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3e  tlut  it  was  attended  with  souni],  though  it  waa  not 
Tutfidently  stroDg  to  reach  the  plawi  where  you  are. 
Ch.  Is  it  known  how  for  sound  can  be  heunl? 
Fa.  We  are  ossui-cd,  upon  good  authority,  that  the  unaa- 
'risted  human  voice  has  been  heard  at  the  distance  of  10  or  12 
ilea;  namely  from  New  to  Old  Gibraltar;  and  in  the  famous 
a-fight  between  the  English  and  Dutch,  in  1672,  the  sound 
citnRon  was  heard  at  the  distance  of  200  miles  frnm  the 
place  of  action.     In  both  these  cases  the  sound  passed  over 
water;  and  it  is  well  known  tlist  sound  may  be  always  con- 
veyed much  further  along  a  smooth  than  along  an  uneven 
•urface. 

Esperiments  hsTe  been  instituted  to  ascertiin  in  what 
degree  water,  as  a  conductor  of  sound,  was  belter  than  land; 
and  a  person  was  heard  to  read  very  distinctly  at  the  distance 
of  140  feet  on  the  Thames:  on  land  he  could  not  be  heard 
fcrtlier  than  76  feet. 

Em.  Might  there  not  be  interruptions  in  the  latter  case? 
Fa,  No  noise  whatever  intervened  by  land;    but  on  the 
Thames  there  was  the  noise  occasioned  by  the  flowing  of  the 
water, 

CA.  As  we  were  walking  last  summer,  towards  Hampstead, 
we  saw  a  parly  of  soldiers  firing  at  a  mark  near  Chalk-Farmj 
uid  you  desired  us  to  take  notice,  as  we  approached  the  spot, 
V  niucb  sooner  the  report  was  heard  after  we  saw  the  smoke 
tlian  when  we  first  got  into  the  fields. 

fa.  My  intention  wtta  titat  you  should  know  from  actual 
iBxperiment  that  sound  is  not  conveyed  instantaneously,  but 
tikes  a  certain  time  to  travel  over  a  given  space. 

When  you  stood  close  to  the  place,  did  you  not  observe  the 
■moke  and  hear  the  report  at  the  same  inslanti' 
£m.  Yes,  we  did. 

Fa,  Then  you  are  satisfied  that  the  light  of  the  flash  and 
the  report  are  always  produced  together.  The  former  comes 
to  the  eye  with  the  velocity  of  light;  the  latter  reaches  the  ear 
with  the  velocity  with  which  sound  travels.  If,  then,  light 
travels  faster  than  sound,  you  will,  at  any  considerable  distance 
1  a  gun  tliat  is  fired,  see  the  flash  before  you  hear  the 
Teport.  Do  you  know  with  wlia-t  velocity  light  travels? 
CA.  At  the  rale  of  12  millions  oi'  miles  in  a  minute." 
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Fa,  With  regard,  then,  to  several  hundred  jards,  or  ereti 
a  few  miles, 'the  motion  of  light  may  be  considered  as  instan- 
taneous; that  is,  there  would  be  no  assignable  difference  of 
time  to  two  observers,  one  of  whom  should  stand  at  the  breach 
of  the  gnn,  and  the  other  at  a  distance  of  six,  or  eight,  or  ten 
miles  from  it. 

Em.  This  I  understand,  because  10  miles  is  as  nothing  whea 
compared  with  12  millions. 

Fa,  Now,  sound  travels  onlj  at  the  rate  of  about  13  miles 
in  a  minute;  therefore,  as  time  is  easily  divisible  into  seconds, 
the  progressive  motion  of  sound  is  readily  marked  by  means  of  a 
stop-watch:  consequently  if  persons  are  situated,  some  c^ose  to 
a  gun  when  it  is  discharged,  others  at  a  quarter  of  a  mile  from 
it,  and  others  at  half  a  mile,  and  so  on,  they  will  all  see  the 
flash  or  smoke  at  the  same  instant,  but  the  report  will  reach 
them  at  different  times. 

Ch,  Is  it  certain  that  sounds  of  all  kinds  travel  at  this 
rate? 

Fa,  A  great  variety  of  experiments  have  been  made  on  the 
subject;  and  it  is  now  generally  agreed  that  sound  travels 
with  a  velocity  that  is  equal  on  the  average  to  1 1 30  feet  in  a 
second  of  time,  at  the  ordinary  temperature  of  the  air. 

Em.  Then,  with  a  stop-watch,  you  could  have  told  how  far 
we  were  from  the  firing  when  we  first  saw  it? 

Fa,  Most  easily;  for  having  counted  the  number  of  seconds 
that  elapsed  between  the  flash  and  the  report,  and  then  mul- 
tiplying 1130  by  the  number,  I  should  find  the  exact  distance 
in  feet  between  us  and  the  gun. 

Ch,  Has  this  knowledge  been  applied  to  any  practical 
purpose? 

Fa,  It  has  frequently  been  used  at  sea,  by  night,  to  know 
the  distance  of  a  ship  that  has  fired  her  watch-guns.  Suppose 
you  were  in  a  vessel,  and  saw  the  flash  of  a  gun,  and  between 
that  and  the  report  24  seconds  elapsed,  what  would  be  the 
distance  of  one  vessel  from  anotlier? 

Em,  I  should  multiply  1130  by  24,  and  then  bring  the 
product  into  miles,  which,  in  this  instance,  is  equal  to  some- 
thing more  than  ^y^  miles. 

Fa,  The  mischief  occasioned  by  lightning  is  supposed  to 
depend  much  on  the  distance  at  which  the  storm  is  from  the 
spot  from  whence  it  is  seen. 


By  cotmting  the  number  of  seconds  elapised  between  the 
flash  of  lightning  and  the  chip  of  thunder,  you  may  ascertain 
how  far  distant  you  are  from  the  fltorm, 

Ch,  I  should  like  to  have  a  stop-watch,  to  be  ah'.e  to  calcu- 
late this  for  myself. 

Fa.  As  it  will,  probably,  be  Bome  time  before  you  become 
possessed  of  that  eKpensire  article,  I  will  tell  you  of  something 
which  you  have  always  about  you,  and  which  will  answer  the 
purpose. 

Em.  What  ia  that,  Papa? 

Fa.  The  pulse  at  your  wrist,  which,  in  hefllthy  persong, 
generally  beats  about  75  times  in  a  minute.  In  the  same 
space  of  time  sound  flies  1.1  miles:  therefore  in  one  pulsation 
nund  passes  over  13  milrs,  divided  by  To,  that  a  about  915 
feet,  or  the  ^  part  of  a  mile;  consequently  in  six  pulsations  it 
will  pass  over  a  mile, 

Em.  If  I  see  a  flash  of  lightning,  and  between  that  and  the 
thundpr  I  count  at  my  wrist  36  or  60  pulsations,  I  sny  the 
distance  in  one  case  is  equal  to  six  miles;  in  the  other,  ten. 

Fa.  You  are  right:  and  this  method  will,  for  the  present,  be 
sufBciently  accurate  for  all  your  purposes. 

But  I  will  observe,  that  philosophically  speaWng,  sound  is  an 
iden  excited  in  the  mind  by  ir.ettns  of  the  nerves  of  the  organ 
of  hearing,  which,  receiving  impressions  from  the  external  air, 
communicate  corresponding  impressions  to  the  brain.  In  the 
air  itself,  sound  ia  propagated  or  distributed  from  place  to 
plsce  by  certain  undulations  which  originate  from  the  vibra- 
tiODS  of  the  sonorous  body. 

Ch.  Tou  have  told  us,  Papa,  that  sound  travels  faster,  and 
is  heard  more  distinctly  in  proportion  to  the  nature  of  the 
BUiface  over  which  or  the  medium  through  which  it  is  eon- 
Teyed.     But  what  are  the  chief  obstructions  to  its  progress? 

Fa.  Any  object  which  interferes  with  the  straightforward 
Bndulations  The  earth  itself  under  ground  Si  a.  great  con- 
ductor of  sound;  an  instance  of  which  is  given  in  the  case  of 
ft  countryman,  who  being  employed  in  digging  a  deep  pit,  was 
frightened  frran  hi»  work  by  dreadful  noises,  whicii  proved  to 
be  nothing  more  tban  the  trotting  of  a  flock  of  sheep  at  a 
dist^ince  of  two  miles,  transmitted  to  him,  probably,  by  soma 
BubterTineous  conveyance.  There  ia  another  instance  of 
•cnmd  being  conveyed  to  a  great  distance.     The  clock  of  St 
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PtLvl*s  mm  Iieard  to  strike  bj  a  aentmel  lying  with  liis^ar  to 
the  ground  on  the  terrace  at  Windaor.  But  it  is  coi^eotiired 
that  the  convejance  was  efiected  bj  the  water  of  the  Thames, 
which  runs  near  the  castle. 

C%.  What  number  of  vibrations  are  necessaiy  to  f<«m  a 
distinct  sound? 

Fa.  About  thirty;  less  than  that  number  would  not  become 
audible,  and  more  would  become  confused.  Extreme  rapidity, 
such  as  a  thousand  vilH^tions  in  a  second,  would  form  a  kind 
of  whizzing  noise.  Wind  instruments  sound  by  the  vibrations 
of  a  column  of  air  contained  within  them,  produced  by  the 
breath;  and  in  the  speaking-trumpet  by  the  voice.  As  in 
strings,  the  shortest  are  the  highest  notes,  so  in  a  flute,  the 
holes  nearest  to  the  mouth  in  the  act  of  blowing,  emit  the 
highest  sounds.  Whether  sound  really  originates  from  the 
string  oc  from  the  reaction  of  the  air  displaced  by  the  vibra- 
tion of  the  string,  has  been  doubted;  but  most  probably  from 
the  latter. 

Ch,  Does  every  kind  of  sound,  Papa,  whether  grave  or 
acute,  travel  with  the  same  velocity? 

Fa.  Tes,  it  does  in  spring  and  autimm;  but  in  winter, 
when  cold  increases  the  density  of  the  air,  and  lessens  its  elas- 
ticity, the  velocity  is  not  so  great;  and  in  summer,  when  heat 
diminishes  the  density,  and  increases  the  elasticity,  the 
velocity  is  somewhat  greater. 

The  science  which  treats  especially  of  hearing,  and  the  pro* 
perties  of  sound,  is  called  AcausticSy  which  is  derived  from  the 
Greek  word  acouo  {hKovia)  *^  I  hear."  The  medical  term 
used  for  the  study  of  the  different  sounds  of  the  internal  organs 
of  the  body,  as  of  the  heart  and  lungs,  to  ascertain  their 
healthy  or  diseased  state,  is  called  ^tMct//^a^u>it,  from  the  Latin 
word  auseultarey  "  to  listen:"  and  the  instrument  employed  is 
called  the  Stethoscope^  from  the  Greek  word  stetkos  {irnfioc\ 
"  the  chest,"  and  scopeo  {oKoxtta),  "I  view  or  explore."— There 
is  yet  another  word  often  used  instead  of  Acoustics^  as  illus- 
trating the  doctrine  of  sounds,  which  is  Pkomcs^  £nom  the 
Greek  word  phone  (^n?), "  a  sound."  And  as  the  science  is 
subject  to  similar  laws  to  Optics,  it  is  divided,  like  that  science, 
into  three  branches;  the  one  illustrating  direct  sound  is  called 
Phonics;  that  illustrating  reflected  sound  is  called  Caiaphomet, 
firam  the  Greek  word  eata  (Kara^  "  from  or  against;"  andtbo 
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fattty  illustrating  refracted  sound,  is  termed  Diaphonies^  from 
the  Greek  dia  (^10),  "  through." 


QUESTIONS  FOB  EXAMINATION. 


How  Is  thnnder  prodaced?  —  Does 
gnnpowder,  when  fired  t»  raeuo^  pro- 
dnoe  any  sound  ? — Do  70a  know  what 
was  Mr.  Cotes's  experiment  on  this 
snldect^^-Why  do  some  bodies  give 
ont  a  better  sound  than  others?  — 
What  is  thfe  cause  of  sound? — How  is 
it  known  that  the  particles  of  the  me- 
tal mote  when  a  bell  is  struck? — At 
what  distance  has  sound  been  heard  ? 
—  Can  souDd  be  conveyed  further  along 
a  smooth  or  a  rough  surface  ?  —  Is 


water  or  land  the  better  conductor  of 
sound? — When  a  gun  is  fired  at  ft 
distance,  do  you  hear  the*  sound  or  see 
the  flash  first?— At  what  rate  does 
light  travel  ? — At  what  rate  does  sound 
travel? — Can  this  knowledge  be  ap- 
plied to  any  usefiil  purpose? — Upoc 
what  does  the  mischief  occasioned  by 
lightning  depend  ? —  Can  you  ascertain 
at  what  distance  you  are  from  a 
thunder-storm?  —  Can  this  be  done  by 
counting  the  beats  of  the  pulse  ? 


CONVERSATION  XII. 

OF    THE     SPEAKING-TRUMPET. 

Charles,  I  have  been  thinking  about  the  nature  of  sound, 
but  I  do  not  yet  thoroughly  comprehend  it.  I  can  imagine 
particles  of  light  issuing  from  the  sun,  or  other  luminous 
bodies;  but  I  have  no  idea  of  particles  of  sound. 

Fa,  Sound  is  not  a  body  like  light;  but  depends,  as  I  ob- 
served in  the  last  conversation,  on  the  concussion  or  striking 
together  of  other  bodies  which  are  elastic:  these,  being  put 
into  a  tremulous  motion,  excite  an  undulation  in  the  sur- 
rounding air. 

Em,  Is  it  like  the  wave  we  see  in  the  pond  when  it  is 
rujffled  by  the  wind? 

Fa.  It  is  more  like  the  undulation  produced  by  throwing  a 
stone  into  still  water. 

Ch,  I  have  often  observed  this:  the  surface  of  the  water 
then  forms  itself  into  circular  waves. 

Fa,  It  is  probable  that  the  tremulous  motion  of  th^  parts 
of  a  sonorous  body  communicate  undulations  in  the  air  in  a 
similar  manner.  Two  obvious  circumstances  must  strike  every 
observer  with  regard  to  the  undulations  in  water.  (1.)  The 
waves,  the  further  they  proceed  from  the  striking  body,  be- 
come less  and  less  distinct,  till,  if  the  water  be  of  a  sufficient 
extent,  they  become  invisible  and  die  away.     The  same  thing 
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tak«B  place  with  regard  to  sound:  the  further  a  person  is  fiYHn 
the  sounding  body,  the  less  distinctly  it  is  heard,  till  at  kngth 
the  distance  is  too  great  for  it  to  be  audible:  and  (2.)  the 
waves  on  the  water  are  not  propagated  instantaneously,  but 
are  formed  one  after  another  in  a  giveii  space  of  time.  .  Thisi 
from  what  we  have  already  shown,  appears  to  be  the  manner 
in  which  sound  is  propagated. 

Em.  Is  sound  the  effect  which  is  produced  on  the  ear  bj 
the  undulations  of  the  air? 

Fa,  It  is:  and  in  proportion  as  tliese  waves  are  stronger  or 
weaker,  the  impression,  and  consequently  the  sensation,  is 
greater  or  less.  If  sound  be  impeded  in  its  progress  by  a  body 
that  has  a  hole  in  it,  the  waves  pass  through  the  hole,  and 
then  diverge  on  the  other  side  as  from  a  centre.  Upon  this 
principle  the  speakitig-trumpet  is  constructed. 

Ch,  What  is  that,  Papa? 

Fa.  It  is  a  long  tube,  used  for  the  purpose  of  making  the 
voice  heard  at  a  considerable  distance.  The  length  of  the 
tube  is  from  six  to  twelve  or  fifteen  feet:  it  is  straight  through- 
out, having  at  one  end  an  aperture,  of  large  diameter,  while 
the  other  terminates  in  a  proper  shape  and  size  to  receive  the 
lips  of  the  speaker. 

Em.  Are  these  instruments  much  in  use? 

Fa,  It  is  believed  that  they  were  more  used  formerly  than 
now:  they  are  certainly  of  great  antiquity.  Alexander  the 
Great  made  use  of  such  a  contrivance  336  b.c.,  to  communi- 
cate his  orders  to  the  army;  by  means  of  which,  it  is  asserted, 
be  could  make  himself  perfectly  understood  at  the  distance  of 
10  or  12  miles:  but  the  modern  instrument  has  been  assigned 
to  Kircher,  about  a.d.  1652;  yet  more  especially  to  Sir 
Samuel  Moreland  in  1671.  Stentor  is  celebrated  by  Homer 
as  one  who  could  call  louder  than  fifty  men. 

Heaven's  empfem  mingles  with  the  mortal  crowd 
And  shouts  in  Stentdb's  sounding  voice  aloud : 
Stentor  the  strong,  endued  with  brvMen  htngt^ 
Whose  throat  smpass'd  the  force  of  fifty  tongues. 

Pope's  Homer,  b.  v.  1.  976. 

And  firom  him  the  speaking-trumpet  has  been  called  the 
Stentorophonic  Tube:  the  termination  phonic  is  £rom  the 
Greek  word  phone  (^wfi;),  "  sound." 

Ch.  Perhaps  Stentor  was  em[^yed  in  the  army  for  the 
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(mrpOM  of  communicating  the  orders  of  the  general;  and  he 

probably  made  wse  of  u  trumpet  lor  the  purpose,  which  may 
explain  tlie  mc^aning  of  brazen  lungs,  as  expressed  by  the 

Fa.  This  ii  not  an  iinprobat>le  conjecture.  Besides  speak- 
ing-trumpets, there  are  others  contrived  for  aasiating  the 
hearing  of  deaf  persons,  called  car'trumpeta,  which  differ  but 
little  from  the  speakiog-lrumpet;  but  various  forms  have  been 
employed  lately;  particularly  the  flexible  India-rubber  tubes, 
which  are  furnished  at  one  end  with  a  small  conical  mouth- 
piece, and  at  the  other  with  a  similar  shaped  ear-piece,  made 
of  ivory  or  of  silver. 

*"  A  and  B  represent  two  trumpets,  placed  in  an  exact  line 
at  the  distance  of  40  feet  or  more  from  one  another,  the 
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smallest  whisper  at  a  would  be  heard  distinctly  at  b;  so  that 
by  a  contrivance  to  conceal  the  trumpets,  many  of  those 
speaking  figures  are  constructed  which  are  frequently  exhibited 
in  the  metropolis  iind  other  large  towns. 

Em.  I  gee  how  it  may  be  done.  There  must  be  two  seta 
of  trumpets,  the  one  connected  ivith  the  ear  of  the  image  into 
irhich  the  spectator  whispers,  conveying  the  sound  to  a  per- 
pon  in  another  room,  who,  by  tabes  connected  with  the  month 
of  the  image,  returns  the  answer. 

Ch.  How  are  the  lips  set  in  motion? 

Fa,  Very  easily;  by  means  of  a  string  or  wire  passing 
under  the  floor  up  the  body  of  the  image. 

The  speaking-trumpet  is  simply  a  tube  which  hinders  the 
spreading  of  the  undulations  of  the  air,  and  increases  the  lion- 
densation  of  the  air;  the  condensed  air  being  thrown,  by  the 
opposition  it  meets  with  from  the  aides  »f  the  instrument, 
into  a  course  parallel  with  the  Kxis  of  the  tube;  trom  thence 
it  begins  to  dilate  and  spread  itself  as  before,  but  with  greater 
force;  and,  in  like  manner,  the  foree  receives  a  new  increase 
every  time  the  dilatation  of  the  sphere  is  obstructed  by  the 
'   resistance  of  the  sides  of  the  tube. 
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Ch,  Is  there  taiy  difTereuce  of  effect  ariaing  &on  di 
in  the  length  of  the  tube? 

Fa.  Yes; themcreBseorpoverofthesoimd.pesaii%thiDiigIi 
it  u  proportional  to  the  length  of  the  tube. 


QUBSTIOKS  FOB  EXAKnTATION. 


-  Whit  oUier 
1  called?. 


thnwltig  a  pebbi*  IdW  aUll  water  ?  — 
How  do  jnm  denrilM  the  natnn  of 
KMmd? — Upon  whit  prtadple  doei 
ttu  qieaklsg^trampct  depend  7 — Wlut 


CONVERSATION  XIIL 

OF  THE   ECHO. 

Father.  Let  us  turn  our  attention  to  another  curious  sub- 
ject relating  to  eound,  and  wliicli  also  depends  on  the  air.  I 
mean  the  echo;  the  term  is  derived  from  the  Greek  word 
u),  "  a  sound." 

[  have  oflen  been  dcli<;hted  to  hear  mj  own  words 
repeated;  and  I  once  asked  Charles  liow  it  happened  that,  if 
I  stood  in  a  particular  spot  in  the  garden  and  shouted  loud, 
mj  words  were  distinctly  repeated;  whereas,  if  I  moved  a 
few  yards  nearer  to  the  wall,  I  liad  no  answer?  He  told  me 
that  he  knew  nothing  more  of  tliis  than  what  he  gathered 
from  a  passage  in  "  Ovid's  Metamorphoses,"  where  Ecao  ia 
represented  an  having  been  a  nymph  of  tlic  woods,  who  had 
pined  awav  in  love,  and  nil  that  remained  of  licr  was  her  voice. 

Ck.  I  di'L 

Fm.  But  how  could  a  sound,  or  the  repetition  of  a  sound, 
be  a  nymph? 

Ch.  That  is  merely  a  poetical  idea,  like  most  of  those  con- 
tained in  "  Ovid's  Metamorphoses." 

Fa.  This,  however,  will  give  your  sister  but  little  satis- 
faction respecting  the  cause  of  the  echo  which  she  has  often 
heard,  and  which  she  may  still  hear,  in  the  garden. 

Em.  True,  Papa.  I  cannot  conceive  why  a  nymph  of  the 
woods  should  take  up  her  residence  in  our  garden,  particularlj  . 
u  I  never  bqw  her. 
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-  Fa.  If  she  is  a  mere  sound,  you  cannot  see  her:  I  will  en- 
deavour to  explain  the  subject.  When  you  throw  a  stone 
into  a.  small  pool  of  water,  what  happens  to  the  waves  when 
they  reach  the  margin? 

Ch.  They  arc  thrown  back  ag^n. 

Fa.  The  same  happens  with  regard  to  the  undulullons  in 
the  air,  which  are  the  cause  of  «ound.  They  strike  a^inst 
any  surface  adapted  to  the  circumstance,  such  as  the  side  of  a 
house,  a  brick,  wall,  a  hill,  or  even  against  trees,  and  are  re- 
flected or  beaten  back  again.     This  is  the  cause  of  an  echo. 

Em.  I  wonder,  then,  that  we  do  not  hear  echoes  more  fre- 
quently. 

Fa.  There  must  be  several  concurring  circumstances  to 
produce  an  echo;  for  the  car  must  be  in  the  itne  of  reflection 
before  it  can  be  heard. 

Ch.  I  do  not  know  what  you  mean  by  the  line  of  reflection. 

Fa.  I  cannot  always  avoid  uaing  terms  that  have  not  been 
pre^-iously  explained;  of  which  this  is  an  instance.  I  will, 
however,  elucidate  what  is  mean  t  by  the  line  of  incidence  and 
the  line  of  reflection.  When  you  come  to  Optics,  the  subjects 
will  be  made  very  familiar  to  you.     You  can  play  at  marbles? 

Ch.  Tes;  and  so  can  Emma. 

Fa.  It  is  not  a  very  common  amusement  for  girls.  How- 
ever, aju  it  happens,  I  shall  find  my  advantage  in  it;  as  she 
will  the  more  readily  enter  into  my  explanation. 

Suppose  you  were  to  shoot  a  marble  against  the  walnacotj 
grhut  Would  happen? 

Ch.  That  depends  on  the  direcfion  in  which  I  shoot  it.  1( 
I  Btand  directly  opposite  to  the  wainscot,  the  marble,  if  I  shoot 
it  forcibly  enough,  will  return  to  my  hand. 

Fa.  The  hne  which  the  marble  describes  in  going  to  tlie 
wall  IB  called  the  Uiu  of  incidence ;  and  that  which  it  mokes 
&  returning  u  the  Hue  of  reflection. 

Km.  They  appear  to  be  both  the  same. 

Fa.  In  this  particular  instance  they  are  so:  but  suppose 
jou  shoot  obliquely  or  sideways  against  the  board,  will  the 
aiftrble  return  to  the  hand? 

Ch.  No;  it  will  fly  ofi' sidewaj^  in  a  contrary  direction. 

Fa.  There  the  line  it  describes  before  the.  stroke,  or  the.  line 
Ikf  incidence,  is  different  from  that  of  reflection,  ivhich  it 
jfler  ike  itroke.     I  will  give  you  a'lother  instance:  if 
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JOB  Stand  before  the  locUiig-glaBfly  joa  see  jouraeif;  beomae 
the  njB  of  light  flow  from  you,  and  are  reflected  iMck  again 
in  the  same  line.  Bat  if  Emma  stand  on  one  aide  of  tiie 
room,  and  you  on  the  other,  jou  will  both  see  the  gbas  ai  tiie 
upper  end  of  the  room. 

£im.  Yes;  and  I  see  Charles  in  it  too. 

Ch,  1  see  Emma;  but  I  do  not  see  mjselfl 

Fa,  This  happens  just  like  the  instance  ciihe  msrble  wlu^ 
70a  shot  sideways.  The  rays  flow  from  Emma  obliqn^  on 
the  glass,  upon  which  they  strike,  and  fly  off  in  a  eontraiy 
direcidon;  and  by  them  you  see  her.  I  will  uppty  this  to 
sound.  If  a  bell,  a,  be  struck,  and 
the  undulations  of  the  air  strike  the 
wall  1^  in  a  perpendicular  directicm, 
they  will  be  reflected  back  in  the 
same  line;  and  if  a  person  were 
properly  situated  between  a  and  d^ 
as  at  r,  he  would  hear  the  sound  of 
the  bell  by  means  of  the  undulations 
as  they  went  to  the  wall,  and  he 
would  hear  it  again  as  they  came 
back;  which  would  be  the  echo  of  the  first  sound. 

Em.  I  now  understand  the  distinction  between  the  direct 
sound  and  the  echo. 

Fa.  If  the  undulations  strike  the  wall  obliquely,  they  vnll^ 
Uke  the  marble  against  the  wainscot,  or  the  rays  of  light 
against  glass,  fly  off  again  obliquely  on  the  other  side,  in  a  re- 
flected line,  OS  c^m.  Now,  if  there  be  a  hill,  or  any  other 
obstacle  bet>v  *on  the  bell  and  the  place  m,  where  a  person 
happens  to  bo  .standing,  he  will  not  hear  the  direct  sound  of 
the  bell,  but  only  the  echo  of  it;  and  to  him  the  sound  will 
eome  along  the  Une  dm. 

Ch.  1  have  heard  of  places  where  the  sound  is  repeated 
several  times. 

Fa.  This  happens  where  there  are  several  walls,  rocks,  &c., 
which  reflect  the  sound  from  one  to  the  other,  and  where  a 
person  happens  to  stand  in  such  a  situation  as  to  intercept  all 
the  lines  of  reflection. 

There  can  be  no  echo  unless  the  direct  and  reflected  sounds 
follow  one  another  at  a  sufficient  interval  of  time;  for  if  the* 
latter  arrive  at  the  ear  before  the  impression  of  the  direct 
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'   Em.  Is  there  anj  rule  by  which  the  time  m^  be  ascer- 
tained? 

Fa,  Yes,  there  is.  I  will  begin  with  the  most  ample  case. 
If  a  person  stand  at  x,  (fig.  25,)  the  echo  cannot  be  distinct 
unless  the  differenct  between  the  space  ax  and  ad,  added  to 
</«,  be  at  least  126  feet. 

C'k.  The  space  through  which  the  direct  sound  travels  to  a 
person  is  ax,  and  the  whole  direct  line  to  the  wall  is  ad;  be- 
sides which,  it  has  to  come  back  through  dx  to  reach  the  per- 
son again.  All  tliia  1  comprehend.  But  why  do  jou  say  126^ 
feet  in  particular? 

Fa.  It  is  founded  on  this  principU:.  By  experience  it  is 
known  that  about  nine  or  ten  eyllahles  can  he  articulately  and 
aistinctly  pronounced  in  a  second  of  time.  But  sound 
travela  with  the  velocity  of  1 130  feet  in  a  second;  therefore^ 
in  the  ninth  part  of  a  second  it  passes  over  ^^~,  or  126  feet 
nearly,  and  consequently  the  reflected  sound,  which  is  the 
echo,  most  travel  over  at  least  126  feet  more  than  the  direct 
sound,  to  make  it  distinct. 

Em.  If  d  in  the  figure  represent  the  garden  wall,  how  far 
must  I  he  from  it  to  hear  distinctly  any  word  I  utter?  Will 
63  or  64  feet  be  sufficient,  so  that  the  whole  space  which  ths 
sound  has  to  travel  be  equal  in  thia  case  also  to  126  feet? 

Fa.  It  mast  be  something  more  than  this;  because  the  flrsf 
sound  rests  a  certun  time  on  the  ear,  which  should  vanish 
before  the  echo  returns,  or  it  will  appear  a  continuation  of  the 
former,  and  not  a  distinct  sonnd.  It  is  generally  supposed 
the  distance  must  not  be  less  than  70  or  72  feet:  and  this  will 
give  the  distinct  echo  of  one  syllable  only, 

Ck.  Must  the  distance  be  increased  in  prqxirtion  to  ths 
number  of  syllables  that  are  to  be  repeated? 

Fa.  Certainly:  and  nt  the  distance  of  aboiut  1000  ot  120Q 
feet,  8  or  10  syllables,  properly  pronounced,  will  be  distiiictly 
lepeated  by  the  ecbot 
.   I  will  fimsh  this  sntgeet  to>miHTow. 
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QUESTIONS  FOB  EXAMINATION. 


Bepeat  Ovid's  deicriiytioiiioraii  echo.— 
What  is  th«  cause  of  an  echo? —  How 
must  the  ear  be  situated  to  hear  an 
•eho? — Explain  to  me  what  is  meant 
by  the  lines  of  reflection  and  incidence. 
— In  what  case  are  they  both  the  same  ? 
—  In  what  case  are  they  not?  —  How 
is  this  illustrated  by  means  bf  a  looUng- 
glass?— Look  to  flg.  26,  and  see  if  you 
can  explain  its  meaning.— Explain  the 


distinction  between  direct  lotfnd  and 
echo? — What  is  the  cavss  of  an  echo 
being  repeated?  —  In  what  case  will 
there  be  no  echo  ? — What  is  the  least 
distance  at  which  a  penon  mast  stand 
ftom  the  reflecting  substance  to  hear 
an  echo?—  Must  the  distance  be  in- 
creased if  more  ^llables  than  one  mn 
to  be  repeated  ? 


CONVERSATION  XIV. 
THE  ECHO — continued. 

Father.  The  following  are  among  the  most  celebrated 
echoes.  At  Rosneath,  near  Glasgow,  there  is  an  echo  that 
repeats  a  tune  played  with  a  bugle,  three  times,  completely  and 
distinctly.  Near  Rome  there  was  one  that  repeated  what  a 
person  said  five  times.  At  Brussels  there  is  an  echo  that 
answers  15  times.  At  Thombury  Castle,  Gloucestershire,  an 
echo  repeats  10  or  11  times  very  distinctlyt  In  Woodstock 
Park  there  is  an  echo  that  repeats  17  syllables  in  the  day-time, 
and  one  at  night.  Between  Coblentz  and  Bingen  an  echo  is 
celebrated  as  different  from  most  others;  as,  in  common  echoes, 
the  repetition  is  not  heard  till  some  time  after  hearing  the 
words  spoken  or  notes  sung;  but  in  this  the  person  who 
i^>eaks  or  sings  is  scarcely  heard,  but  the  repetition  is  very 
distinct,  and  in  surprising  varieties;  sometimes  seeming  to 
approach,  at  others  to  recede:  sometimes  it  is  heard  distinctly: 
at  others  scarcely  at  all:  one  person  hears  only  one  voice, 
while  another  hears  several.  I  shall  mention  but  one  more 
instance.  In  Italy,  at  a  villa  near  Milan,  the  sound  of  a 
pistol  is  returned  66  times. 

Em,  This  is  indeed 

**  To  fttch  shrill  echoes  fiom  their  hoOow  earth." 

Fa.  The  ingenious  Mr.  Derham  applied  the  echo  to  mea- 
suring inaccessible  distances. 

Ch.  How  did  he  effect  this? 

Fa.  Standing  on  the  banks  of  the  Thames,  opposite  "Wool- 
wich, he  observed  that  the  echo  of  a  single  sound  was  re* 
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ilected  from  the  houses  in  three  seconds:  consequently,  in  that 
time  it  liad  travelled  3426  Ceeti  the  half  of  which,  or  1713 
Jeet,  was  the  breadth  of  the  river  in  that  particular  place. 

Did  you  ever  hear  of  the  Whispering- Gallery  in  the  dome 
of  St.  Paul's  Carhedral? 

Em.  Tea;  and  you  promised  to  take  us  to  see  it. 

Fa.  And  I  will  peribnn  mj  promise.  In  the  mean  time  it 
Jttay  be  well  to  inform  you,  that  the  circumstance  which 
attracts  every  person's  attention  is,  that  the  smallest  whisper 
made  against  the  wall  on  one  side  of  the  gallery  is  distinctly 
heard  on  the  opposite  side. 

Ch,  Is  this  effect  produced  on  the  principle  of  the  echo? 

Fa.  No:  the  undulations  caused  in  the  air  by  the  voice  are 
reflected  both  ways  round  the  wall,  which  is  made  very  smooth, 
50  that  none  may  be  lost,  and  meet  at  the  opposite  side:  con- 
sequently, to  the  heiirer,  the  sensation  is  the  same  as  if  his 
ear  were  close  to  the  mouth  of  the  speaker. 

Em.  Would  the  effect  be  the  same  if  the  two  persons  were 
not  opposite  to  each  other? 

Fa.  la  that  case  the  words  spoken  would  be  heard  double, 
because,  one  arch  of  the  circle  being  less  than  the  other,  the 
sound  would  arrive  at  the  ear  sooner  round  the  shorter  arch 
than  round  *he  longer  one, 

Ch,  You  said  that  the  wall  is  very  smooth.  Is  it  material, 
in  the  conveyance  of  sound,  whether  the  medium  be  rough  or 
imooth? 

Fa.  Tea;  very  material.  In  Gloucester  Cathedral  there  is 
■Iso  a  gallery  which  convejsa  whisper  75  feet  across  the  nave. 
8till  water  is,  perhaps,  the  best  conductor  of  sound.  The 
echo  I  mentioned  in  the  neighbourhood  of  Milan  depends 
much  on  the  water  near  which  the  villa  stands.  Dr.  Uutton, 
in  bis  Mathematical  Dictionary,  gives  the  following  instance 
as  a  proof  that  moisture  has  a  considerable  effect  upon  sound. 
A  house  in  Lambeth-marah  is  very  damp  during  winter, 
when  it  yields  an  echo,  wliich  abates  when  it  becomes  dry  in 
Biinuner.  To  increase  the  sound  in  a  theatre  at  Borne,  a 
canal  of  water  was  constructed  under  the  floor,  whir^h  caused 
a  great  difference. 

Next  to  water,  stone  is  considered  a  good  cimductop  of 
wund,  though  the  tone  is  rough  and  'lisagreeable.  A  well- 
made  brick  wall  haa  been  known  to  convey  a  whisper  to  the 
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diftanceof  200feet  nearlj.  Wood  is  aonorousy  and  produoet 
the  most  agreeable  tone:  it  ia  therefore  the  moat  proper  aab* 
stance  for  musical  instmments;  of  which  we  shall  saj  »  word 
0r  two  before  we  qoit  the  snlgect  of  sound. 

Em,  All  wind-instrumentSy  such  as  flutes,  tmn^pets,  &c, 
must  depend  on  the  air:  but  is  it  so  with  stringed  instruments? 
.  Fa.  Thej  all  depend  on  the  vibrations  which  the^  make  in 
the  surrounding  air.  I  will  illustrate  what  I  have  to  saj  bj 
means  of  the  JEolian  harp,  the  music  of  which  is  produced  bj 
the  action  of  the  wind;  whence  the  name  iBolian,  from  .£olos^ 
the  ancient  god  of  the  winds. 

If  a  cord,  eight  or  ten  jards  long,  be  stretched  very  tight 
between  two  points,  and  then  struck  with  a  stick,  the  whole 
string  will  not  vibrate,  but  there  will  be  several  still  places  in 
it,  between  which  the  cord  will  move.  Now  tiie  air  acts 
upon  the  strings  of  the  harp  in  the  same  manner  as  the  stroke 
of  the  stick  upon  the  long  cord  just  mentioned. 

Ch.  Do  not  the  different  notes  upon  a  violin  depend  upon 
the  different  lengths  of  the  strings,  which  are  varied  bj  the 
fingers  of  the  musician? 

Fa.  They  do:  and  the  current  of  air  acts  upon  each  string, 
and  divides  it  into  parts,  as  so  many  imaginary  bridges. 
Hence  every  string  in  an  JBolian  harp,  though  all  are  ia 
unison,  or  harmonious  concord,  becomes  capable  of  several 
sounds;  from  which  arises  the  wild  and  wonderful  harmony  of 
that  instrument. 

The  undulations  of  the  air,  caused  by  the  quick  vibrations 
of  a  string,  are  well  iUustratcd  by  a  sort  of  mechanical  sym- 
pathy that  exists  among  accordant  sounds.  If  two  strings  on 
different  instruments  are  tuned  in  unison,  and  one  be  struck, 
the  other  will  reply,  though  they  be  several  feet  distant  from 
one  another. 

Fm.  How  is  this  accounted  for? 

Fa,  The  undulations  made  by  the  first  string  being  of  the 
same  kind  as  would  be  made  by  the  second  if  struck,  those 
undulations  give  a  mechanical  stroke  to  the  second  string,  and 
produce  its  sound. 

C%.  If  all  the  strings  on  the  .^olian  harp  are  set  to  the 
saqie  note,  will  they  all  vibrate  if  only  one  be  struck? 

Fa,  They  wilL  The  fact  is  well  iUustrated*  by  bending 
Sttle  bits  of  paper  over  each  strings  and  then  striking  one 
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sufficientlj  hard  to  ahnkc  olf  its  papeJ-:  ycu  will  see  that  ill 

the  others  will  be  Bhaken  also  from  their  strings. 

Em.  Will  not  this  happen  it'  the  strings  are  not  in  uoison? 

Fa.  Try  it  yourself.  Alter  the  notes  of  all  the  strings  but 
two,  luid  place  tbe  papers  on  ngain.  Now  strike  that  string 
ivhich  is  in  unisoa  with  imother. 

£ni.  The  papers  on  those  are  ehukcn  off;  but  the  others 

Fa.  If  a  Btrinj  of  a  violoncello  be  put  in  unison  with  the 
sound  produced  by  rubbing  r>r  striking  the  edge  of  a  drinking- 
gloss,  and  both  be  placed  at  a,  distance  from  ca^h  other  in  the 
same  room,  the  vibration  of  the  string,  when  strnck,  will  causa 
so  great  a  vibration  in  the  glo^s,  that  its  sound  may  be  dis- 
tinctly heard;  and  if  the  string  be  strnck  with  great  force, 
the  glass  will  be  considerably  agitated. 

QUESTIONS  FOR  EXAMINATION. 


Irirll  ■tCentian  !a  tha  whiipcrl 
lery  ot  St,  PiulV  ?  —  Haw  ii  U 
■landJ' — Bow  miut  thi  pen 
plusd  to  liEir  tbe  wbilpor  to  1 
mutitii'r  ?  —  Wliit  1>  tbe  but  i 
■■  *  omdaetor  of  »doi1  ?  —  W 
MBKC  is  milduced  bjr  Dr.  ButI 
Kelt  to  water,  wliit  Ji  the  tn.- 


la?  — What  eJremmrtiinee  is  ob-' 
bli  if  ■  long  cor'I  itRtcbed  oot 
len  two  polnH  be  (Imck  7  —  Dpoa 
do  the  notes  of  ■  ilolln  rlepend? 
iw  an  the  tuIoui  loandi  on  u 
in  hup  txplilliieil  ?  —  If  one  of 
TiogQ  of  ui  £ollan  harp  it  Atmck 
htj  nil  yibnitef  — How  li  thi< 
iJ  — I>  It  neomuj  thit  tbe 
i  ahoQld  be  hi  niiliioii  to  prodnoa 


CONVERSATION  XV. 


Falier.  Ton  know,  my  cliildren,  what  the  wind  is, 

Ch.  You  told  us,  a  few  days  ago,  that  you  would  prove  It 
was  only  the  air  in  motion. 

Fa.  I  can  show  you,  in  miniature,  that  air  in  motion  will 
produce  effects  similar  to  those  produced  by  a  violent  wind. 

I  will  place  this  little  mill  under  the  receiver  of  the  ujr> 
pump  in  such  a.  manner  that  the  air,  when  re-entering,  maj 
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eatdi  theyanes.  I  am  exhanstbg  the  air.  Now  ohwrie 
what  happens  when  the  stop- cock  is  opened. 

Em,  llie  vanes  turn  round  with  incredible  velocity;  nmch 
swifter  than  ever  I  saw  the  vanes  of  a  real  windmill.  But 
what  puts  the  air  in  motion,  so  as  to  cause  the  wind? 

Fa*  There  are  probably  many  causes  united  to  produce  the 
effect.  The  principal  one  seems  to  be  the  heat  communiciited 
by  the  sun. 

Ch.  Does  heat  produce  wind? 

Fa.  Heat,  you  know,  expands  all  bodies;  consequently  it 
rarefies  the  air,  and  makes  it  lighter.  But  you  have  seen 
that  the  lighter  fluids  ascend,  and  thereby  leave  a  partial 
vacuum,  towards  which  the  surrounding  heavier  air  preaaea 
with  a  greater  or  less  motion,  according  to  the  degree  cf  rare- 
faction, or  of  heat,  which  produces  it  The  air  of  this  room,  by 
means  of  the  fire,  is  much  warmer  than  that  in  the  passage. 

Em.  Does  the  air  in  the  passage  incline  towards  the 
parlour? 

Fa.  Take  this  lighted  wax  taper,  and  hold  it  at  the  bottom 
of  the  door. 

Em.  I  see  that  the  wind  blows  the  flame  violently  into  the 
room. 

Fa.  Hold  it  now  at  the  top  of  the  door. 

Ch,  There,  I  perceive,  the  flame  rushes  outwards. 

Fa.  This  simple  experiment  merits  your  attention.  The 
heat  of  the  room  rarefies  the  air,  and,  the  lighter  particles  as- 
cending, a  partial  vacuum  is  made  at  the  lower  port  of  the 
room:  to  supply  the  deficiency,  the  dense  outward  air  rushes- 
in,  while  the  lighter  particles,  as  they  ascend,  produce  an  out- 
ward current  at  the  top  of  the  door.  If  you  hold  the  taper 
about  midway  between  the  bottom  and  the  top,  you  will  find 
a  part  in  which  the  flame  is  perfectly  still,  having  no  tendency 
either  inwards  or  outwards. 

The  smoke-jack,  so  common  in  the  chimneys  of  large 
kitchens,  consists  of  a  set  of  vanes,  something  like  those  of  a 
windmill  or  ventilator,  fixed  to  wheel -work:  these  are  put  in 
motion  by  the  current  of  air  in  the  chinmcy,  produced  by  the 
heat  of  tlie  fire;  and,  of  course,  the  force  of  the  jack  depends 
on  the  strength  of  the  fire,  and  noi  upon  the  quantity  of 
smoke,  as  the  name  of  the  machine  would  lead  you  to  suppose. 

Em.  Would  you  define  the  wind  as  a  current  of  air? 
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Fa..  Yes;  and  properly  so;  yet  llie  theory  of  winds  Is  still 
Involved  in  considerable  obscurity;  their  direction  is  ilenomi- 
Dated  from  the  quarter  whence  they  blow. 

Ch.  When  the  wind  blows  IVoia  the  North  or  South,  do 
you  say  it  is,  in  the  former  caae,  a  North-wind,  and  in  the 
latter,  a  South-wind? 

Fa.  We  do.  The  winds  ai'e  generally  considered  to  be  of 
three  kinds,  independently  of  the  names  which  they  lake  from 
the  points  of  the  compass  whence  they  blow.  They  are,  the 
comHant,  or  tho^^e  which  always  blow  in  the  siune  direction; 
the  periodical,  or  those  wliich  blow  nix  months  in  one  di- 
rection, and  six  in  a  contrary  direction;  and  the  variable, 
which  appear  to  be  subject  to  no  general  rules. 

Em.  Is  there  any  place  where  the  wind  always  blows  in 
one  direction  only? 

Fa.  Yes;  it  is  common  to  n  very  lai^e  part  of  the  earth; 
namely,  to  all  that  extensive  tract  that  lie^  between  30°  and 
27°  South  of  the  equator;  it  is  especially  observable  in  the 
Atlantic  and  Pacific  oceans. 

Ch.  What  is  the  cause  of  this? 

Fa.  If  you  examine  the  globe,  you  will  see  that  the  ap- 
parent course  of  the  sun  is  from  East  to  We»t,  and  that  it  is 
always  vertical  to  some  part  of  this  tract  of  our  globe;  and 
therefore,  as  the  wind  follows  the  sun,  it  must,  of  necessity, 
bbw  in  one  direction  constantly. 

Em.  And  is  that  due  East? 

Fa.  It  is  only  so  at  the  equator:  for  on  the  North  of  this 
line  the  wind  declines  a  little  to  the  North  point  of  the  com- 
pass; and  this  the  more  so,  as  the  place  is  situated  further 
towards  the  North:  on  the  South  side  the  wind  will  be 
soutlierly. 

Ch.  The  greater  part  of  this  tract  of  the  globe  is  water; 
and  I  have  heard  you  say  that  transparent  media  do  710/ 
receive  heat  from  the  sun. 

Fa.  The  prcaterpart  iacertainly  water;  but  the  proportion 
of  land  is  not  small;  almost  the  whole  continent  of  Africa,  a 
great  part  of  Arabia,  Persia,  the  East-Indies,  and  China,  be- 
sides the  whole,  nearly,  of  New  Holland,  and  numerous 
islands  in  the  Indian  and  Pacific  oceans:  and  in  the  western 
hemisphere,  by  far  the  greatest  part  of  South  America,  Now 
Spain,  an!  the  West-India  islnnilf,  come  within  the  limiU  of 
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90  dflgreeB  Nortli  and  South  of  the  equator.  These  amaanglj 
large  tracts  of  land  absorb  the  heat,  hj  which  the  surroandiiig 
air  is  rarefied,  and  thus  the  wind  becomes  constant^  or  Uows 
in  one  direction. 

You  will  also  remember  that  neither  the  sea  nor  the  atmo* 
sphere  are  so  perfectly  transparent  as  to  transmit  all  the  rajs 
of  the  solar  Ught:  many  are  stopped  in  their  passage;  by 
which  both  sea  and  air  are  warmed  to  a  considerable  degree. 
These  constant  or  general  winds  are  usually  called  irtuk^ 
winds, 

Em.  In  what  part  of  the  globe  do  the  periodical  winds 
prevail? 

Fa,  They  prevail  in  several  parts  of  the  eastern  and 
southern  oceims,  and  evidently  depend  on  the  sun;  for  when 
the  apparent  motion  of  that  body  is  North  of  the  equatcnr, 
(that  is,  from  the  end  of  March  to  the  same  period  in  Sep- 
tember,) the  wind  sets  in  from  the  South-west;  and  the  re- 
mainder of  the  year,  while  the  sun  is  South  of  the  equator^ 
the  wind  blows  from  the  North-east  These  are  called  the 
Monsoons,  or  shifting  trade-winds,  and  are  of  consider- 
able importance  to  those  who  make  voyages  to  the  East 
Indies. 

Ck,  Do  these  changes  take  place  suddenly? 

Fa,  No:  some  days  before  and  after  the  change  there  are 
calms,  variable  winds,  and  frequently  the  most  violent  storms. 
In  the  Indian  ocean  the  *  Monsoons  blow  from  October  to 
April  from  the  North-East;  but  from  April  to  October  they 
constantly  blow  from  the  South-west;  the  latter  is  accounted 
for  by  the  great  rarefaction  of  the  atmosphere  over  the  vast 
regions  of  Eastern  Asia  during  the  summer.  There  are  other 
winds,  obtaining  names  from  their  immediate  localities,  as  the 
SiroccOf  a  hot,  humid,  and  relaxing  wind,  blowing  over  the 
South  of  Italy  from  the  opposite  shores  of  the  Mediterranean; 
the  Simoon  of  Arabia,  and  Kamsin  of  Egypt,  both  hot,  dry, 
and  pestilential  winds  blowing  from  the  South:  there  is  also 
the  Harmattan^  an  arid  wind  from  the  East,  blowing  over 
the  western  coast  of  Africa. 

Again,  on  the  greater  part  of  the  coasts  situated  between 
the  tropics,  the  wind  blows  towards  the  shore  in  the  day-time^ 
and  towards  the  sea  at  night.     These  winds  are  called  sea 
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and  lane!  breezes;  they  are  affected  by  mountains,  the  course 
'  rivora,  tides,  &c, 

Jim.  Is  it  the  he&t  of  the  aun  hy  day  that  rarefies  the  air 

er  the  land,  and  thus  causes  the  wind? 

fa.  It  is.  The  following  easy  eiperiment  will  illustrate 
the  subject. 

In  the  middle  of  a  large  dish  of  cold  water  put  a  water- 
plate  filled  with  hot  water;  the  former  represents  the  ocean, 
the  hitter  the  land  raretying  the  air  over  it.  Hold  a  lighted 
candle  over  the  cold  water,  and  blow  it  out; — the  smoke,  you 
Bee,  moves  towards  the  plate.  Eeverso  the  experiment  by 
filling  the  outer  vessel  with  warm,  and  the  plate  with  cold 
water;  the  smoke  will  move  from  the  plate  to  the  dish. 

CA.  In  this  country  there  is  no  regularity  in  the  direction 
of  the  winds:  sometimes  the  easterly  winds  prevail  for  several 
days  together;  at  other  times  I  have  noticed  the  wind  blowing 
from  alt  quarters  of  the  compass  two  or  three  times  in  the 
eame  day. 

Fa.  The  variableness  of  the  wind  in  this  islaud  depends 
probably  on  a  variety  of  causes;  for  whatever  destroys  the 
equilibrium  in  the  atmosphere  produces  a  greater  or  less 
current  of  wind  towards   the  place  where  the   rarefaction 

It  is  generally  believed  that  the  electric  fluid,  which 
abounds  in  the  air,  is  the  principal  cause  of  the  variablenesa 
<if  the  wind  here.  You  may  often  see  one  tier  of  clouds 
moving  in  a  certfCin  direction,  and  another  in  a  contrary  one; 
that  is,  the  higher  clouds  will  be  moving  perhaps  North  or 
Kast,  while  the  weather-cock  stands  directly  South  or  West. 
In  cases  of  this  kind  a  sudden  rarefaction  must  have  taken 
place  in  the  regions  of  one  set  of  Iheac  clouds,  destroying  con- 
sequently the  equilibrium,  'f^hh  phenomenon  is  frequently 
found  to  precede  a  thunder-storm;  from  which  it  has  been 
supposed  that  the  electric  fluid  is,  in  this  and  such  like 
instances,  the  principal  cause  in  producing  the  wind:  and  if, 
in  the  more  remarkable  appearances,  we  are  able  to  trace  the 
operating  cause,  we  may  naturally  infer  that  those  which 
are  less  so,  but  of  the  same  nature,  depend  on  a  like 
principle. 

£m.  Violent  stonns  roust  be  occadoned  by  sudden  and 
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tremendous  concussions  in  nature.  I  remember  to  have  seea 
once,  l&st  jear,  some  very  large  trees  torn  up  by  the  vrind.  It 
is  difficult  to  conceive  how  so  thin  and  light  a  body  can 
produce  such  violent  effects. 

Fa.  The  inconceivable  rapidity  of  lightning  will  account 
for  the  suddenness  of  any  storm;  and  when  you  are  acquainted 
with  what  velocity  a  wind  will  sometimes  move,  you  will 
not  be  surprised  at  the  effects  which  it  is  capable  of  pro- 
ducing. 

Ch,  Is  there  any  method  of  ascertaining  the  velocity  of  the 
wind? 

Fa,  Yes;  several  machines  have  been  invented  for  the 
purpose.  But  Dr.  Derham,  by  means  of  the  flight  of  amall 
downy  feathers,  contrived  to  measure  the  velocity  of  the  great 
storm  which  happened  in  the  year  1705;  and  he  found  that 
the  wind  moved  33  feet  in  h^  a  second;  that  is,  at  the  rate 
of  45  miles  per  hour.  It  has  also  been  proved  that  the  force 
of  such  a  wind  is  equal  to  the  perpendicular  force  of  10 
pounds,  avoirdupois  weight,  on  every  square  foot.  Now,  if 
you  consider  the  surface  which  a  large  tree,  with  all  its 
branches  and  leaves,  presents  to  the  wind,  you  will  not  be 
surprised  that,  in  great  storms,  some  of  them  should  be  torn 
up  by  the  roots. 

Em.  Is  the  velocity  of  45  miles  an  hour  supposed  to  be  the 
greatest  velocity  of  the  wind? 

Fa.  Dr.  Derham  thought  the  greatest  velocity  to  be  about 
60  miles  per  hour.  But  we  have  tables  calculated  to  show 
ih^  force  of  the  wind  at  all  velocities,  from  1  to  100  miles  per 
hour. 

Ch,  Does  the  force  bear  any  general  proportion  to  the 
•velocity? 

Fa.  Yes,  it  does:  the  forCfe  increases  in  proportion  to  the 
square  of  the  velocity. 

Em.  Do  you  mean,  that  if,  on  a  piece  of  board,  exposed  to 
a  given  wind,  there  is  a  pressure  equal  to  one  pound,  and  the 
same  board  be  exposed  to  another  wind  of  double  velocity,  the 
pressure  will  be  in  this  case  four  times  greater  than  it  was 
before? 

Fa.  That  is  the  rule.  The  following  short  table,  selected 
from  a  larger  one  given  in  vol.  ii.  of  the  ^^Philosophical 
Transaetians/*  will  fix  the  rule  and  facts  in  your  memory. 


VdedtJofUw    rrrpsadiculB  fore 

CDRimnn  iip|>cUi(ioni  of  ( ..' 
Iota  or  UiiMe  wind>. 

t                          -lia 

10                             -lui 

Bride  f;ilc. 

High  wiDd. 
Very  Ugh  wind. 

«0                              1T-71& 

lou                       4rpji»o 

A  vlottnl  hurri™.. 

To  murk  the  force  and  velocity"  of  the  wind,  an  idstrumcnt, 

inv<!nted  by  Woltius,  like  a  windmill.     Dr.  Lind  ailoiJte.l 

glass  tube  in  the  shape  of  the  letter  U,  partly  filled  with 

Uter,  for  the  same  purpose;  and  other  contrivances  have 

•n  adopted,  but  they  are  not  of  common  use:  the  name 

en  to  them  is  that  of  Anemometer,  from  two  Greek  words, 

cmo»    (aw/uj^)     "the    wind,"     and    mctron     (jitTpov)    "a 

■faeasure." 

The  aitemoKope  is  an  instrument  indicating  the  direction 
bf  the  wind,  formed  of  u  kind  of  vane  or  weather-cock  con- 
teetod  by  wheel  work  with  an  index,  on  which  is  marked  the 
toinlH  of  the  compass:  the  termination  teope  i?  from  the 
3reek  scopco  {aMirvii)  "  I  behold." 
The  weather-cock  itself  may  be  ealled  an  anemoscope. 
Ck.  Wliy  are  the  Irade-wiuds  called  Monsoons? 
Fa.  It  was  thought  that  they  were  bo   distinguished  in 
lionour  of  a  pilot,  named  Monsoon,  who  first  perceived  their 
idvantages,  and  applied  them  to  navigation;  but  it  seems  to 
be  a  Malayan  wor^  denoting  seasons. 

Em.  What  are  the  peculiaricies  of  those  winds  which  axe 
denominated  laud  and  sea  breezeti? 

Fa.  The  sea-breeze  commonly  rises  in  the  morning,  pro- 
ceeding slowly  in  a  iine,  sniall,  black  curl  upon  the  surface  of 
the  water,  and  hastening  to  refresh  the  shore.     At  first  it  is 
tntie,  but  graduiUl)-  increases  till  nooni  then  ss  gradually 
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dedinee,  and  bef<H:e  evening  is  totally  hushed.  Soon  aftei* 
this,  the  land-breezes  take  their  tuniy  and  after  a  few  hours 
become  still.  Some  have  termed  these  winds  aerial  tides. 
If  they  be  so,  depending  on  the  daily  motion  of  the  earth, 
many  causes  may  perplex  so  light  a  fluid  as  air,  and  dqnive 
it  of  the  calculation  to  which  water  submits.  The  most  rea- 
sonable method  of  accounting  for  them  is  on  the  principles 
already  adduced;  namely,  the  expansion  and  contraction  of 
the  heated  atmosphere;  but  these  do  not  altogether  explain 
the  phenomena,  as  the  breeases  often  vair  in  time  and  place. 

In  these  winds,  however,  we  cannot  fail,  at  all  events,  to 
trace  the  wisdom  and  goodness  of  the  great  Creator,  who  has 
beneficently  sent  them  for  the  comfort  and  wants  of  His 
creatures!  On  most  of  our  coasts  the  heat  would  be  some- 
times almost  insupportable  in  summer  without  the  sea-breeze, 
whilst  the  land-breeze  corrects  the  malignity  of  dews  and 
vapours,  and  renders  wholesome  what  otherwise  would  be 
noxious. 

QUESTIONS  FOB  EXAMINATION. 


What  U  wind  ?  —  How  are  the  effecta 
of  wind  shown  by  experiment? — 
What  pots  the  air  in  moUon  so  as  to 
prodvoe  winds? — Show  me  the  ex- 
periment with  a  lighted  taper  at  the 
door,  and  explain  the  reason  of  the  ap- 
pearances. —  Upon  what  principle  does 
the  smoke-jaclc  depend  ?  —  How  is 
wind  defined? — How  is  its  direction 
denominated? — How  many  kinds  of 
wind  are  there  ?  —  Does  the  wind  blow 
in  any  part  of  the  earth  in  one  directi<ni 
only?  —  What  is  the  reason  of  this  ? — 
ISxplain  this  by  the  globe.  —  Do  trans- 
parent media  receive  heat  ?  —  Te  lime, 
then,  how  the  constant  winds  are  to  be 


accounted  for.  —  What  other  name 
have  they? —  Where  do  the  periodical 
winds  prevail  ?  —  On  what  do  they  de- 
pend ?  —  What  other  names  have  they  ? 

—  W^hy  are  they  called  trade-winds  ? 

—  What  experiment  will  illustrate  the 
subject?  —  Upon  what  does  the  vari- 
ableness ot  the  wind  in  an  island  de- 
pend ?  —  Has  electricity  any  effect  in 
producing  wind  ? —  Upon  what  may  tlie 
suddenness  and  strength  of  a  storm  de- 
pend ?  —  By  what  methods  can  the 
velocity  of  wind  be  measured  ?  —  What 
is  supposed  to  be  the  greatest  velocity 
of  wind?  —  By  what  law  does  the 
force  of  the  wind  increase  ? 


CONVERSATION  XVI. 


OF  THE  STEAM-ENGINE 


Father,  If  you  understand  the  principle  of  the  forcing- 
pump,  you  will  easily  comprehend  in  what  manner  the  steam- 
engine  acts,  the  most  important  of  all  hydrostatic  machines. 

C!k  Whydoyou  callit  the  mostimDortantofallmachines^ 
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■  Fa.  Steam-engines  can  be  used  with  adrtuitnge  in  all  cases 
where  grent  power  is  required.  Tbey  are  adsptud  to  the 
raising  of  water  Irom  ponds  and  wells;  to  the  draining  of 
tnines,  to  the  various  arts  and  manufactures,  to  liwomotion  on 
nilwaya,  to  ships,  &c.,  (and,  perhaps,  without  their  asaiatanee 
We  should  not  at  this  moment  have  tho  benefit  of  coal-flres;} 
■nd  to  many  other  moat  useful  purposes. 

Em.  Then  there  cannot  be  two  opiniona  entertained  re- 
specting their  utility.  I  do  not  know  what  we  should  do 
without  them  in  wiuter,  or  even  in  summer,  since  coal  is  ihe 
fuel  chiefly  used  in  dressing  our  food. 

Fa.  Our  ancestors,  a  century  ago,  had  excavated  all  the 
nines  of  coal  as  deep  ns  they  could  be  worked  without  the 
assistance  of  this  sort  of  engines:  for  when  the  miners  have 
dug  a  certain  depth  below  the  surface  of  the  earth,  the  wat«' 
pours  in  upon  them  on  all  Bides;  consequently  they  huve  no 
means  of  going  on  with  their  work  without  the  assistance  of 
k  Bleam-engtne,  which  is  erected  by  the  side  of  the  pit,  and, 
being  kept  constantly  at  work,  keeps  it  dry  enough  ior  all 
practical  purposes. 

The  steam-engine  was  invenlcd  during  the  reign  of  Charles 
H.,  although  it  was  not  brought  to  a  degree  of  perfection 
Bofficient  for  the  draining  of  mines  tiU  nearly  half  a  century 
»fter  that  period. 

Ck.  To  whom  is  the  world  indebted  for  the  discovery? 

Fa.  It  is  difficult,  if  not  impossible,  to  ascertain  who  wus 
the  inventor.  The  Marquis  of  Worcester  described  the 
principle  in  a  small  work  entitled  "  A  Century  of  Inventions," 
which  was  pubhshed  in  the  year  1663,  and  reprinted  some 
years  since  in  London,  as  "  A  way  to  drive  up  water  by 
fire," 

Em.  Did  the  marqnis  eunstnict  one  of  these  engines? 

Fa.  No:  The  invention  seeniH  to  liave  been  neglected  for 
■everal  years,  until  Captain  Thomas  Savery,  about  169S, 
sAer  a  variety  of  experiments,  brought  it  to  so  great  a  degree 
of  perfection,  as  to  be  enabled  to  raiso  water  in  small 
quantities  to  a  moderate  height. 

Ch.  Did  he  take  the  invention  from  the  Slorquis  of  Wor- 
cester's book? 

Fa.  By  some  it  is  stated  that  he  did;  but  a  Dr.  DesaguUers, 
whO)  in  the  middle  of  the  last  century,  entered  at  large  into 
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the  disciusiony  maintainB  that  Captain  Savery  was  whollj  i 
debted  to  the  marquis,  and  charges  him  with  having  pur* 
chased  all  the  books  which  contained  the  disooyerjy  and 
burned  them  to  conceal  the  piracy.  Captain  Saverj,  how- 
ever, declared  that  hei  was  led  to  the  discovery  by  tJie  fol- 
lowing accident: — '^  Having  drunk  a  flask  of  Florence  wine 
at  a  tavern,  and  thrown  ^the  flask  on  the  flre,  he  perceived 
that  the  few  drops  left  in  it  were  converted  into  steam;  this 
induced  him  to  snatch  it  from  the  fire,  and  plunge  its  neck 
into  a  basin  of  water,  which,  by  the  atmospheric  pressure^ 
was  driven  quickly  into  the  bottle." 

Em,  This  was  something  like  an  experiment  which  I  have 
often  seen  at  the  tea-table.  If  I  pour  hdf  a  cup  of  water 
into  the  saucer,  and  then  hold  a  piece  of  lighted  paper  in  the 
cup  for  a  few  seconds,  and,  when  the  cup  is  pretty  warm, 
plunge  it  with  the  mouth  downwards  into  the  saucer,  the 
water  almost  instantly  disappears  from  it 

Fa.  In  both  cases,  the  principle  is  exactly  the  same:  the 
heat  of  the  burning  paper  converts  the  water,  that  hung  about 
the  cup,  into  steam;  but  steam,  being  much  lighter  than  air, 
expels  the  air  from  the  cup,  which  being  plunged  into  the 
'  water,  the  steam  is  quickly  condensed,  and  a  partial  vacuum 
is  made  in  the  cup;  consequently,  the  pi*essure  of  the  atmo* 
sphere  upon  the  water  in  the  saucer  forces  it  into  the  cup, 
just  in  the  same  manner  as  the  water  follows  the  vacuum 
made  in  the  pump. 

Em.  Is  steam,  then,  used  for  the  purpose  of  making  a 
vacuum,  instead  of  a  piston? 

Fa.  Yes:  and  it  is  said  that  Captain  Savery  was  the  first 
person  who  applied  it  to  the  purpose  of  raising  water. 

Em.  Will  you  have  the  kindness,  dear  Papa,  to  describe 
this  engine? 

Fa.  I  shall  endeavour  to  give  you  a  general  and  correct 
explanation  of  the  principle  and  mode  of  acting  of  one  of 
Mr.  Watt's  engines,  who  took  out  his  first  patent  in  1769, 
without  entering  into  all  its  minor  parts. 

A  is  a  section  of  the  boiler,  standing  over  a  fire,  about  half 
full  of  water:  b  is  the  steam-pipe  wliich  conveys  the  steam 
fit>m  the  boiler  to  the  cylinder  c,  in  which  the  piston  d,  made 
air-tight,  works  iip  and  down,     a  and  c  are  the  steam  valves, 
through  which  the  steam  enters  into  the  cylinder:   it  10 
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udmitteJ  througli  a  when  it  is  to  force  the  piston  downwards, 
anci  througli  c  when  it  presses  il  upwards;  d  nnd  d  are  tlie 
eduction  valres,  through  which  the  Kteam  posses  from  the 
cylinder  into  the  condenser  e,  which  is  a  separate  vessel 
placed  in  a  cistern  of  cold  water,  and  which  has  a  jet  of  cold 
water  continually  playing  up  in  the  inside  of  it;  fie  the  air- 
pump,  which  extracts  tlie  air  and  water  from  the  condenser. 
Jt  is  worked  by  the  great  beam  or  lever  k  s,  and  tlie  water 
taken  from  the  condenser,  and  thrown  into  the  hot  well  g,  is 
pumped  up  again  by  means  of  the  pump  r/,  and  carried  back 
into  the  boiler  by  the  pipe  ii:  A  is  another  pump,  likewise 
worked  by  the  engine  itself,  which  supplies  the  cistern,  in 
which  the  condenser  is  fixed,  with  water. 

CA.  Are  all  three  pumps,  as  well  as  the  piston,  worked  bj 
i  the  action  of  the  great  beam? 

I  *  Fa.  They  are:  and  you  see  the  piston-rod  is  fastened  to 
I  fte  beam  by  inflexible  bars;  but  in  order  to  make  the  stroke 
L  perpendicular,  Mr.  Watt  invented  the  machinery  called  the 
■  parallel  joint,  tlie  construction  of  which  will  be  easily  under- 
'tooA  from  the  figure. 

Em.  How  ore  the  valves  opened  and  shut? 
Pa.  Long  levers,  o  and  p,  are  attached  to  them,  which  are 
Kteoved  up  and  doivn  by  the  piston-rod  of  the  air-pump  e  f. 
T3n  order  to  communicate  a  rotatory  motion  to  any  machinery 
I  -by  the  motion  of  the  beam,  Mr.  Watt  made  use  of  a  largo 
1 4y-whcel  X,  on  the  axis  of  which  is  a  small  concentrictoothed 
fcWied  B;  a  aimilar  toothed  wheel,  i,  is  fastened  to  a  rod,  t. 
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eoming  from  the  end  of  the  he&m;  so  that  it  cannot  tnm  on 
its  axis,  but  must  rise  and  fall  with  the  motion  of  the  great 
beam. 

A  bar  of  iron  connects  the  centres  of  the  two  small-toothed 
wheels:  when,  therefore,  the  beam  raises  the  wheel  i,  it  must 
move  round  the  circumference  of  the  wheel  h,  and  with  it 
turn  the  flj-wheel  x,  which  will  make  two  revolutions  while 
the  wheel  i  goes  round  it  once.  Hiese  are  caUed  the  sun  and 
planet  wheels:  h,  like  the  son,  turns  only  on  its  axis,  while  i 
revolves  about  it  as  the  planets  revolve  about  the  sun. 

If  to  the  centre  of  the  flj-wheel  anj  machinerj  were  fixed, 
the  motion  of  the  great  beam  bs  would  keep  it  in  constant 
work. 

Ch,  Will  70U  describe  the  operation  of  the  engine? 

Fa,  Suppose  the  piston  at  ^e  top  of  the  cylinder,  as  it  is 
representc^d  in  the  figure,  and  the  lower  part  of  the  cjHnder 
filled  vrith  steam.     Bj  means  of  the  purap-rod  s  f,  the  steam 
Talve  a  and  the  eduction  valve  d  will  be  opened  together;  the 
branches  from  which  arc  connected  at  o.     There  being  now 
a  communication  at  d  between  the  cylinder  and  condenser,  the 
steam  is  forced  from  the  former  into  the  latter,  leaving  the 
lower  part  of  the  cylinder  empty,  while  the  steam  from 
the  Ixaler,  entering  by  the  valve  a,  presses  upon  the      •li^ 
piston,  and  forces  it  down.     As  soon  as  the  piston  has     fj^ 
arrived  at  the  bottom,  the  steam  valve  c  and  the    r        « 
eduction  valve  b  are  opened,  while  those  at  a  and  d      UJ 
are  shut;  the  steam,  therefore,  immediately  rushes  ^  £^ 
through  the  eduction  valve  b  into  the  condenser,  while    j^j 
the  piston  is  forced  up  again  by  the  steam  which  is  ^^  y. 
now  admitted  by  the  valve  c. 


QUESTIONS  FOB  EXAMIXATIOX. 


Why  is  the  steam-engine  called  the 
most  important  of  all  machines  ?  —  In 
what  cases  is  the  steam-engine  nsed  to 
advantage?  —  When  was  the  steam- 
engine  invented  ? —  To  whom  are  we 
indebted  for  the  discovery? — How  Is 
the  cjqKriment  with  the  eop  explained  ? 
—  What  is  used  in  the  steam-engine  to 
make  a  vacanm  ? — Trj  to  ex|.lain  the 
•truetuie  and  aetfon  of  the  engine  fh>m 
36  and  27.  —  Sliow  me   the 


steam-pipe,  and  tell  me  its  nse. — ^Whkh 
arc  the  steam-valves,  and  what  an  the 
uses  of  them  ? — Show  me  the  edoctkat 
valves  and  their  uses.  —  What  is  that 
represented  bj  /,  and  for  what  is  it 
used  ? —  How  is  the  air-pump  worked? 
—  Is  the  great  beam  usc^d  for  anjthing 
else? — Tell  me  how  the  valves  me 
opened  and  shut  ?  —  Now  deteribe  tha 
action  of  the  engine. 
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CONVERSATION  XVII. 

OP   THE    BTEAM-ENfliNB  —  continued. 

Charles.  I  do  not  underBtund  how  the  two  sets  of  valres 
act,  which  jou  described,  yesterday,  as  the  steam  and  eduction 

Fa.  K  you  look  to  fig.  27  there  is  a  difTerent  view  of  this 
part  of  the  machine,  unconnected  with  the  rest:  >  is  part  of 
the  pipe  which  brings  the  steam  from  the  boiler;  a  represents 
the  valve,  which,  being  opened,  admits  the  steam  into  the 
Qppcr  port  of  the  cylioder,  forcing  down  the  piston. 

Em.  Is  not  the  valve  d  opened  at  the  same  time? 

Fa.  It  is:  and  then  the  s'team  which  was  under  the  piston 
is  forced  throagh  into  the  condenser  e.  When  the  piston 
arrives  at  the  bottom,  the  other  pair  oi'  valves  are  opened — viz. 
c  and  b:  through  c  the  steam  rushes  to  raise  the  piston,  and 
thruugh  li  the  steam,  which  pressed  the  piston  down  before,  is 
driven  out  into  the  pipe  r,  leading  to  the  condenser:  in  this 
there  is  a  jet  of  coldwalor  constantly  playing  up;  and  thereby 
the  steam  is  instantly  converted  into  hot  water. 

Ck.  Then  the  condenser  e  (fig.  25)  will  soon  be  full  of 

Fa.  It  would,  if  it  were  not  connected  by  the  pipe  a  with 
the  pump/;  ao  that,  every  time  the  great  beam  r  s  is  brought 
down,  the  plunger,  at  the  bottom  of  the  piston-rod  e  f,  de- 
scends to  the  bottom  of  the  pump. 

Em.  Is  there  avaJve  in  the  plunger? 

Fa.  Yes;  it  opens  upwards;  consequently  all  the  hot  water 
which  runs  out  of  the  condenser  into  the  pump  will  escape 
tlirougb  tlie  valve,  and  be  at  the  top  of  the  plunger,  anil  the 
valve,  not  admitting  any  return,  it  will,  by  the  ascent  of  the 
piaUin-rod  into  the  situation  as  shown  in  the  figure,  l>e  driven 
through  n  into  g,  the  cistern  of  hot  water,  from  whicli,  by 
menus  of  a  valve,  it  is  prevented  from  returning. 

Ch.  I  see  also  that  the  same  motion  of  the  great  beam  puts 
the  pump  y  in  action,  and  brings  over  the  hot  water  from  the 
cistern  ;;,  tluYiugh  the  pipe  t  i,  into  the  little  cistern  v,  whicb 
BUpplies  the  boiler. 
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Em.  If  the  pnmp  k  brings  in,  by  the  Bome  motiOD,  tlie 

wat«r  from  tlie  well  w,  do  not  the  hot  and  cold  wftter  iater* 

Fa.  No:  if  j"ou  look  earefullj'  at  the  engraving,  you  will 
observe  a  strong  p^Litition,  v,  which  separates  the  one  from 
the  other.  Besides,  you  may  perceive  that  the  hot  water 
does  not  stand  at  so  high  a  level  as  the  cold,  which  is  a  suf- 
ficient proof  that  they  do  not  communicate.  Indeed,  the 
operation  of  the  engine  would  be  greatly  injured,  if  not  wholly 
stopped,  if  the  hot  water  communicated  with  the  cold;  for  in 
that  case,  the  water,  being  at  a  medium  heat,  would  be  too 
warm  to  condense  the  steam  in  e,  and  too  cold  to  be  admitted 
into  the  boiler  without  checkiug  the  production  of  the  steam. 

Ch.  There  ore  some  parts  of  the  apparatus  belonging  to 
the  boiler  which  you  have  not  yet  explained.  What  is  the 
reason  that  the  pipe  y,  which,  conveys  the  WRter  from  the 
cistern  v  to  the  boiler,  is  turned  up  at  the  lower  end? 

Fa.  If  it  were  not  bent  in  that  manner,  the  steam  generated 
St  the  bottom  of  the  boiler  would  rise  into  the  pipe,  and  in  a 
great  measure  prevent  the  descent  of  the  water  through  it. 

Em.  In  this  position  I  see  clearly  that  no  steam  can  enter 
the  pipe;  because  steam,  being  much  lighter  than  water,  must 
rise  to  the  surface,  and  cannot  possibly  sink  through  the  bent 
part  of  the  tube.     Wliat  does  m  represent? 

Fa.  It  represents  a  stone  suspended  on  a  wire,  which  is 
ihown  by  the  dotted  line:  this  stone  is  nicely  balanced,  by 
means  of  a  lever,  at  the  other  end  of  which  is  another  .^ire, 
connected  with  a  valve  tit  the  top  of  the  pipe  (/,  that  goes 
down  from  the  cistern. 

a.  I3  the  atone  balanced  so  as  to  keep  the  valve  open  suf- 
ficiently to  admit  a  proper  quantity  of  water? 

Fa.  It  is  represented  by  the  figure  in  that  situation.  By 
a  principle  iu  hydrostatics*,  with  which  you  are  acquainted, 
the  stone  is  partly  supported  by  the  water.  If,  then,  by  in- 
creasing tlie  fire,  loo  great  an  evaporation  take  place,  and  the 
water  in  the  boiler  sink  below  its  proper  level,  the  stone  also 
must  sink,  which  will  cause  the  valve  to  open  wider,  and  let 
that  from  the  cistern  come  in  faster.  If,  on  the  other  hand, 
the  evaporation  be  less  than  it  ought  to  be,  the  water  will  have 
a  tendency  to  rise  in  the  boiler,  and  with  it  the  ?toue  must 
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rise,  and  the  valve  will  consequently  let  the  water  in  with 
less  velocity.  By  this  contrivauce  tlie  water  in  ihe  boiler  is 
alwny.^  kept  at  one  level. 

Em.  What  ore  the  pipes  I  and  u  for? 

Fa.  Thi?y  are  eeldom  used;  but  ore  inleaded  to  show  the 
exact  height  of  the  water  in  the  boiler.  The  one  at  t  reaches 
very  nearly  to  the  surface  of  the  water  when  it  ia  at  the  proper 
height:  that  at  u  enters  a  little  below  the  surfuce.  If,  then, 
tlm  water  bo  at  its  proper  height,  and  the  cocks  t  and  u  be 
opened,  sleam  will  issue  from  ihejormcr,  and  icater  from  the 
latter.  But  if  the  water  be  too  AigA,  it  will  rush  out  at  ( 
instead  of  steam:  iftooiow,  steam  will  issue  out  of  u  instead 
of  water. 

a.  Suppose  the  whole  to  be  ns  represented  in  the  engraving, 
why  will  the  water  rush  out  of  the  cock  «,  if  it  be  opened? 
It  will  not  rise  above  its  level. 

Fa.  True:  but  you  forget  that  a  constant  supply  coming  into 
the  boiler  from  the  cistern  v,  makes  that  the  height  to  which 
the  water  will  endeavour  to  rise  to  attain  its  level,  in  the 
same  manner  aa  the  jet  of  cold  water  always  rises  to  the  top 
of  the  condenser  e  by  endeavouring  to  come  to  a  level  with  the 
■water  in  the  cistern.  In  the  next  Conversation  will  be  given 
an  account  of  the  purpusea  to  which  the  steiun  engine  is 
ajiplied.  But  perhaps  one  of  the  most  striking  e^diibitions 
of  the  wonderful  effects  of  this  machine  is  to  be  seen  in  tluit 
part  of  the  Portsmouth  dock-yard  where  the  blocks  for  ships 
are  made.  These  blocks  are  completely  fiuished  from  the 
rough  timber,  with  scarcely  any  manual  labour,  by  means  of 
different  saws  and  other  tools  worked  by  the  steam-engine. 


CONVERSATION  XVIII. 

OF   THE   STEAU-EKOINE    AND   PAPIN'S   DIGKSTEH. 

Charles.  "We  have  seen  the  structure  of  the  steam-engine 
and  its  mode  of  operation;  but  you  have  not  told  us  the  uses 
to  which  it  is  applied. 

Fa.  The  application  of  this  power,  especially  Mr.  Saveij's 
eteaun-eogine,  was  at  first  wholly  devoted  to  the  raising  of 
water,  either  from  the  mines,  which  could  not  be  worked 
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witlMNit  such  aidy  or  to  flie  throwing  it  to  some  inimeut 

TVseiToir,  for  the  pinpose  of  soppljing  with  this  nseliil  article 

places  which  are  higher  than  the  niU^iral  krel  of  the  stream. 

Em,  But  its  uses  are  now  wonderfoUj  extended,  I  sop- 

JFa.  They  are;  such  as  to  the  working  of  miDs^  threshing  of 
com,  and  coining.  In  making  the  copper  monej  now  in  nae, 
the  ingenious  Mr.  Beaton  has  contrivedy  by  a  single  operation  of 
the  steam-engincy  to  roll  the  copper  out  to  a  proper  thickness, 
cat  it  into  circular  pieces,  and  make  the  fiuses  and  the  edge. 

Ck.  How  is  the  power  of  these  engines  estimated? 

Fa.  The  power  varies  according  to  the  siae.  That  at 
Messrs.  Whitbread's  brewhouse  has  a  cylinder  24  inches  in 
diameter,  and  will  perform  the  work  of  24  horses,  wovking 
night  and  daj. 

£m.  The  horses,  surely,  cannot  work  incessantly. 

Fa.  They  will  work  only  eight  hours,  on  an  average,  out  of 
the  twenty-four,  therefore  the  engine,  being  continually  at 
work,  will  perform  the  business  of  72  horses.  The  coals 
consumed  by  this  engine  are  about  seven  chaldron  per  week, 
one  chaldron  in  24  hours. 

By  the  application  of  different  machinery  to  this  engine,  it 
raises  the  malt  into  tha upper  warehouses,  and  grinds  it;  pumps 
the  wort  from  the  undcr-backs  into  the  copper;  raises  the 
wort  into  the  coolers;  fills  the  barrels  when  the  beer  is  made; 
and,  when  the  barrels  are  full,  and  properly  bunged,  they  are, 
by  the  steam-engine,  driven  into  the  storehouses  in  the  next 
street,  (a  distance  of  more  than  a  hundred  yards,)  and  let 
down  into  the  cellar. 

Ch.  I  do  not  wonder,  then,  at  any  anticipated  extent  of  this 
useful  power. 

Em.  I  have  heard  of  exphswe  steam.  Pray  what  is  meant 
by  that  term? 

Fa,  From  a  great  variety  of  accidents  that  have  happened 
through  careless  people,  it  appears  that  the  expansive  force  of 
steam,  suddenly  raised,  is  much  stronger  than  even  that  of 
gunpowder.  At  the  cannon-foundry  in  Moorfields,  some 
years  ago,  hot  metal  was  poured  into  a  mould  that  accidentally 
contained  a  small  quantity  of  water,  which  was  instantly 
converted  into  steam,  and  caused  an  explosion  that  blew 
the  foundry  to  pieces.     A  similar  accident  happened  at  a 
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foundry  iii  Newcastle,  which  occurred  from  a  little  water 
faaving  ioBiniinted  it^f  into  a  hoUow  brass  ball  that  was 
thrown  into  the  melting-pot. 

C/i.  These  facta  bring  to  my  mind  a  circumstance  that  I 
Iftve  often  heard  you  relate  as  coming  within  your  own 
knowledge. 

Fa.  Yon  do  well  to  remind  me  of  it.  The  fact  ia  worth 
recording.  A  gentleman,  who  was  canying  on  a  long  series 
of  experiments,  wished  to  ascerlain  the  strength  of  a  copper 
Teasel,  and  gave  orders  to  his  workmen  for  the  purpose.  The 
vessel,  however,  burst  unexpectedly,  and  io  the  explosion  it  beat 
don'n  a  brick  wall  of  the  building  ia  wliich  it  was  placed,  and 
by  the  force  of  the  steam,  was  curried  15  or  20  yards  Irom  it: 
eevei-al  of  the  bricks  were  thrown  TO  yards  from  the  spot;  a 
leaden  pipe,  suspended  fi'om  an  adjoining  building,  was  bent 
into  a  tight  angle;  and  eeveral  of  the  men  were  so  dreailfully 
scalded,  orbmiaed,  that,  for  many  weeks,  they  were  unable  to 
stir  from  their  beds.  A  very  intelligent  person,  who  con- 
ducted the  experiment,  assured  me  that  he  had  not  the  smallest 
recollection  how  tte  accident  happened,  or  by  what  means  he 
got  to  his  bed-room  after  it. 

C/i.  What  is  the  use  of  thatimtnense  wheel  attached  to  the 
large  steam-engine  in  the  cloth-factory  of  Messrs,  Edmonds 
and  Co.,  which  we  observed  when  we  were  at  Bradford,  in 
Wiltshire? 

Fa,  That  vast  wheel  is  called  the  fly-wheel;  and  in  eonse- 
quence  of  containing  so  immense  a  quanti'.y  of  matter,  when 
once  pat  in  motion  it  has  a  tendency  to  continue  the  velocity 
of  rotation  round  its  axia,  until  overcome  by  friction  and  the 
resistance  of  the  air;  tliis  inertia  enables  it  to  overcome  the 
dead  points  of  power,  and  to  tnrn  the  crunk  of  the  piston  from 
those  extreme  positions  of  its  movement  where  its  motive 
power  becomes  ineffective,  and  also  to  regulate  any  unequal 
effect  that  may  attend  the  crank, 

C/i.  What  is  meant  by  a  non-candennng  st^om-engine, 
Papa? 

Fa.  Those  steam-engines  which  do  not  condense  the  steam 
after  it  has  perform eil  its  office  have  this  appellation ;  when 
the  steam  lias  impelled  the  piston,  it  is  not  conducted  into  a 
cold  vessel  to  Condense  it  into  water,  but  is  let  off  to  waste 
into    the  atmosphere,    and    generally   into    the  funnel  or 
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dumne J  of  the  furnace.  The  pressure  of  the  steam,  thflie{ar% 
must  be  considerably  greater  than  that  of  the  atmoqihere^ 
whence  these  machines  have  been  called  high-preuur€  engines; 
while  those  which  condense  their  steam  are  called  louhpressure 
engines,  though  these  latter  are  often  worked  with  steam  of  a 
high  pressure,  amounting  sometimes  from  two  to  three  atmo- 
spheres. L(Hxnm>iive  engines  on  railways,  and  very  rnanj 
of  those  employed  in  steam  navigation,  are  high-pressure^ 
son-condensing  engines;  though  generally  in  steam  naviga- 
tion non-condensing  engines  with  low  pressure  boilers  are 
adopted. 

Ch,  How  long  have  locomotive  engines  been  applied  to 
railway  travelling?  Was  not  the  Liverpool  and  IM^chester 
railway  the  first  of  this  kind? 

Fa.  The  first  locomotive  engine  constructed  for  the  transit 
of  goods  on  railways,  was  employed  in  1804,  at  Merthyr 
Tfdvil,  in  South  Wales;  and  from  that  time  till  about  1829, 
they  seem  to  have  been  almost  exclusively  applied  to  the 
conveying  of  coals  and  the  mineral  products  from  the  mines  to 
the  places  of  their  shipment;  a  short  time,  however,  previous 
to  1829,  it  was  proposed  to  form  a  railway  between  Liverpool 
and  Manchester  for  the  conveyance  of  goods  and  passengers 
between  those  two  important  towns;  and  to  obtain  the  most 
efficient  means  for  carrying  the  design  into  execution,  prizes 
were  offered  to  the  engineers  of  the  country  for  the  best 
locomotive  engines  that  would  answer  the  end.  Accordingly, 
in  October,  1829,  when  the  rails  bad  beei^  laid,  experiments 
were  tried,  and  Mr.  Robert  Stephenson  produced  an  engine 
which  ran  at  the  rate  of  36  miles  an  hour. 

Ch,  I  think  I  have  heard  you  mention  that  Mr.  Huskisson, 
the  statesman,  was  killed  on  this  railway;  how  was  that? 

Fa.  He  was  standing  on  the  line  talking  to  a  friend,  and 
when  apprised  of  his  danger,  he  became  so  alarmed  as  to 
lose  all  power  of  motion,  and  the  engineer  being  unable  to 
stop  the  engine  within  so  short  a  distance,  he  was  knocked 
down  and  killed  on  the  spot. 

Ch.  Were  the  engines  then  employed  of  similar  construc- 
tion with  those  now  used? 

Fa.  Not  exactly;  the  tubes  which  conveyed  the  fire  through 
the  boiler  were  originally  of  copper,  while  now  they  are  of 
brass;  there  were  idso  but  25  tubes,  and  about  three  inches  in 
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meter,  and  now  there  are  upwards  of  100,  whoBe  tliametere 
I  also  are  reduced  tohalf  tiiesiKe:  moreover  the  original  engines 
liad  but  four  wheel?,  and  now  thej  have  sis,  with  many  other 
improTcments  too  e:iler>sive  to  detail  at  large:  the  action  of 
these  engines  is  horizontal,  acting  on  the  cranks  attached  to  the 
main  axle,  which  is  the  middle  one:  every  part  is  well  supplied 
with  oil,  to  keep  thera  cool  and  lessen  the  friction.  The 
BUpplf  of  water  for  generating  the  steam,  and  of  coke  for 
feeding  the  fire,  is  carried  in  the  tender  attached  to  the  engine: 
the  water,  however,  is  not  conveyed  in  a  continual  stream,  but 
only  at  those  intervals  when  the  lowest  power  of  the  steam 
is  called  into  requisition,  ns  in  descending  an  incline,  fur  the 
cold  water  acta  as  a  check  u[>on  its  consumption.  You  must 
observe,  also,  that  the  wheels  arr;  not  exactly  like  our  coach' 
wheels,  with  circular  tires,  but  the  two  extreme  pairs  are  fur- 
nished with  sides  called  flanges,  which  embrace  the  rails,  and 
thns  keep  the  wheels  more  securely  on  the  lines:  but  it  is  not 
necessary  to  proceed  further  in  our  description,  as  far  more 
profltable  information  can  be  derived  from  actual  observation, 
thtin  double  the  amount  of  writlim  description;  and  when  we 
next  have  occasion  to  travel,  we  will  arrive  at  the  station  an 
hour  or  two  earlier,  and,  by  means  of  some  kind  friend,  we 
will  obtain  permission  to  examine  the  coustruction,  with  the 
assistance  of  the  engineer. 

Em.  la  it  by  the  force  of  steam  that  bones  are  dissolved  in 
the  cooking  utensil,  called  Papiii's  digester,  which  jou  pro- 
mised to  describe?* 

jFff.  No;  that  operation  is  performed  by  the  great  heat 
produced  in  the  digester.  This  eiig  ~ 
Ting  represents  one  of  these  machin 
It  is  a  strong  metal  pot,  at  least  an  in 
thick  in  every  part:  the  lid  of  it 
screwed  down,  so  that  no  steam  c. 
escape  hut  through  the  valve  v. 

C'/i.  What  kind  of  a  valve  is  it; 

Fa.    It  is  a  conical  piece  of  brass,  ^^-  '*■ 

made  to  fit  very  accurately,  but  easily  moveable  by  the  steam 
of  the  water  when  it  boils:  conBequently,  in  its  simple  state, 
the  heat  of  the  water  will  never  be  much  greater  than  that  of 
boiling  water  in  an  ojieii  vessel.     A  steel-yard  is  therefore 
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fitted  to  it;  nnd,  bj  maving  tbe  weight  w  backwards  or  for- 
wardiy  the  steam  wHl  haye  a  lesser  or  greater  pressure  to 
overcome. 

Em.  1b  the  heat  increased  bj  confinii^  the  steam? 

Fa.  You  have  seen  that,  in  an  exhaittted  receiver,  water 
rery  far  from  being  as  hot  as  the  boiling  point  will  have 
every  appearance  of  eballition.  It  is  the  pressure  of  the 
atmosphere  that  caoses  the  heat  of  bmling  water  to  be  greater 
in  an  open  vessel  than  in  one  from  which  the  ^ir  is  exhausted. 
In  a  Tcssel  exposed  to  condensed  air,  the  heat  required  to 
make  the  water  boil  would  be  still  greater.  Now,  bj  oon* 
fining  the  steam,  the  pressure  maj  be  increased  to  anj  given 
degree.  If,  for  instance,  a  force  equal  to  14  or  15  pounds  be 
put  on  the  valve,  the  pressure  upon  the  water  will  be  donUe 
that  produced  bj  the  atmosphere,  and  of  course  the  heat  of 
the  water  will  be  greatly  increased. 

Ch.  Is  there  no  danger  to  be  apprehended  from  the  bursting 
of  thp  vessel? 

Fa.  If  great  care  be  taken  not  to  overload  the  valve,  the 
danger  is  not  very  great.  But  in  experiments  made  to 
ascertain  the  strength  of  any  particular  vessel,  too  great 
precautions  cannot  be  taken. 

Under  the  direction  of  Mr.  Papin,  the  original  inventor^ 
the  bottom  of  a  digester  was  torn  off  with  a  wonderful  ex- 
plosion: the  blast  of  the  expanded  water  blew  aU  the  coals 
out  of  the  fire-place;  the  remainder  of  the  vessel  was  hurled 
across  the  room,  and,  striking  the  leaf  of  an  oaken  table,  an 
inch  thick,  broke  it  in  pieces.  The  least  sign  of  water  could 
not  be  discerned  and  every  coal  was  extinguished  in  a  mo* 
ment. 


QUESTIONS  FOB  EXAMINATION, 


To  what  was  the  Bteam-engine  fint 
applied?  —  Has  Mr.  Bolton  applied 
this  machine  to  any  partiotdar  par- 
poee?  —  How  is  the  power  of  the 
•leam-englne  estimated?  —  To  what 
■MS  is  the  steani'^ngine  i^ipUed  in 
Whitbread's  brewery  ?  —  When  were 


rerf  dangerous  conseqaenoes  ? -— Can 
you  recollect  any  instances  of  this  kind? 

—  For  wliat  is  Papin's  Digest<»'  used  ? 

—  How  is  it  made  ? —  What  kind  of  a 
▼aire  is  used  in  the  digester? — Can 
you,  by  the  figure,  show  how  the  water 
is  raised  to  any  degree  of  heat  ?  —  Whal 


looomotire  engines  first  employed  on  |  additional  pressure  is  required  to  gtre 
nOways?  —  Distinguish    between    a  i  water  a  heat  double  that  of  boOifig 
high-pressure  and  low*pressure  engine,  i  water? 
—Is  not  steam  sometimes  productlTe  of  j 
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CONVERSATION  XIX 


OP   THE   BABOUETER. 


e  inteiiilecl  to  make 


Father.  As  these  ci 
&iiiiUar  with  all  philosophicu 
u  well  as  to  explain  the  use  and  structure  of  those,  devoted 
to  the  teaching  of  science,  I  ahn.ll  procee^I  with  an  account  of 
die  borocneler,  which,  witb  the  tfaennometer,  is  to  be  found 
in  almost  every  house.  I  will  show  you  how  the  barometer 
is  made,  without  regard  to  the  frame  to  which  it  is  attached. 

A  B  is  a  glass  tube,  about  33  ur  34  inches  long,  and 
K  quarter  of  an  inch  in  diameter,  closed  at  the  top; 
thnt  is,  in  philosophical  language,  hermeliraHy  lenlett: 
D  is  a  cup,  basin,  or  wooden  trough,  partly  filled  with 
quicksilver.  Ifillthetubewiththequicksilver,  and  then  ijiis. 
pnl  my  finger  upon  the  mouth,  so  aa  to  prevent  any  of  \^j 
it  from  running  out:  I  now  invert  the  tube,  and  plunge  '=rf° 
it  in  the  cup  d.  You  see  the  mercury  subsides  three  ^*-  *'■ 
or  four  inches;  and  when  the  tube  is  fixed  to  a  graduated 
frame,  it  is  called  a  huromeler,  or  weather-glass;  and  you 
know  it  is  consulted  by  those  who  study  and  attend  to  the 
changes  of  the  weather;  the  lertn  barometer  is  derived  froni 
two  Greek  words,  iaro»(/Japot),  "weight,"  and  niefron(;icrpBv), 


£ni.  Why  does  not  aU  llie  quicksilver  run  out  of  the  tube? 

-fa.  I  will  answer  you  by  asking  another  question.  Whftt 
ia  the  reason  that  water  will  stand  in  an  exhausted  tube, 
provided  tlie  mouth  of  it  be  plunged  into  a  vessel  of  the  same 
fluid? 

Ch.  In  that  case  the  water  is  kept  in  the  tube  by  the 
preeanre  of  the  atmosphere  on  the  surface  of  the  water  into 
which  it  ia  plunged.  If  you  resort  to  the  same  principle  in 
the  present  instance,  why  dues  the  water  stand  33  or  34  fiel, 
but  the  mercury  only  29  or  30  inches? 

Fa.  You  nnist  recollect  that  mercury  is  14  times  heavier 
than  water.  Therefore,  if  the  pressure  of  the  atmosphere 
will  balance  34  feet  of  wafer,  it  oupht,  on  the  same  principle, 
to  balance  only  a  14th  part  of  that  height  of  mercury.  Now 
divide  34  feet,  or  408  inches,  by  14. 
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Em,  The  quoident  is  little  more  than  29  inches. 

Fa.  Bj  this  method  Torricelli  was  led  to  construct  the 
harometer.  It  had  been  accidentallj  discovered,  that  water  eonld 
not  be  raised  more  than  about  34  feet  in  the  pump.  TorrioeUi, 
on  thisy  suspected  that  the  pressure  of  the  atmosphere  was  the 
cause  of  the  ascent  of  water  in  the  yacuum  made  in  pumps, 
and  that  a  column  of  water,  34  feet  high,  was  an  exact  coun- 
terpoise to  a  column  of  air  which  extended  to  the  top  of  the 
atmosphere.  Experiments  soon  confirmed  the  truth  of  his 
ccmjectures.  He  then  thought  that  if  34  feet  of  water  were 
a  counterpoise  to  the  pressure  of  the  atmosphere,  that  a  cdumii 
of  mercury,  as  much  shorter  than  34  feet  as  mercuir  is  heavier 
than  water,  would  likewise  sustain  the  pressure  of  the  atmo- 
sphere. He  obtained  a  glass  tube  for  the  purpose,  and  found 
his  reasoning  just 

C*A.  Did  he  apply  it  to  the  purpose  of  a  weather-glass? 

Fa.  No,  for  he  died  shortly  after  these  experiments;  and 
it  was  not  till  some  time  after  this  that  the  pressure  of  the  air 
was  known  to  vary  at  different  times  in  the  same  place.  As 
soon  as  that  was  discovered,  the  application  of  the  Torricellian 
tube  to  predicting  the  changes  of  the  weather  immediately 
succeeded. 

Ch.  A  barometer,  then,  is  an  instrument  used  for  measur- 
ing the  weight  or  pressure  of  the  atmosphere. 

jPo.  That  is  the  principal  use  of  the  barometer.  If  the  air 
be  denscy  the  mercury  rises  in  the  tube,  and  indicates  fair 
weather:  if  it  grows  lights  the  mercury  falls,  and  presages 
rain,  snow,  &c.* 

The  average  height  of  the  mercury  in  the  tube  is  called  the 
standard  altUudCy  which  in  this  country  fluctuates  between 
28  and  31  inches;  and  the  difference  between  the  greatest 
and  least  altitudes  is  called  the  scale  of  variation;  the  most 
important  matter  in  making  a  barometer  is  to  get  pure  mer- 
cury, and  a  perfect  exclusion  of  all  atmospheric  air;  this  is 
generally  effected  by  boiling  the  mercury,  and  even  when  in 
the  tube;  it  is  also  better  for  the  diameter  of  the  tube  not  to 
be  too  small,  in  order  that  it  may  be  more  susceptible  to  the 
changes  of  the  atmosphere. 

Em.  Is  the  fluctuation  of  the  mercury  different  in  other 
parts  of  the  world? 

*  See  the  niles  at  p.  870. 
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Fa.  Within  and  near  t]ie  tropics,  there  is  little  or  no  vitri- 
fttion  in  the  height  of  the  mercury  in  the  harometor,  in  all 
weathers:  this  is  the  coae  at  St.  Helena.  At  Juniaien,  tlie 
variation  very  rardy  exceeds  three-tenths  of  im  inch:  at 
Naples  it  is  about  an  inch:  whereas  in  England  it  is  nearly 
three  inches,  and  at  Petersburgh  as  much  as  3^  inches. 

Ch.  The  scale  of  variation  is  the  silvered  plaie,  which  is 
divided  into  inchea  and  tenths  of  an  inch.  But  what  do  you 
call  the  moveable  index? 

Fa.  Itis  called  a  Vernier,  from  the  inventor's  namei  and 
the  use  of  it  is  to  show  the  fluctuation  of  the  mercury  to  the 
hundredth  part  of  nn  inch.  The  scale  of  inches  is  placed  on 
ttie  right  side  of  the  baroraetertube;  the  beginning  of  the  scale 
being  the  surface  of  the  mercury  in  the  basin.  The  vernier 
plate  and  index  arc  moveable;  so  that  the  index  may,  at  any 
time  be  set  to  the  upper  surface  of  the  column  of  mercury. 

Em.  I  have  ot^en  seen  you  move  the  index;  but  I  am  still 
at  a  loss  to  conceive  how  you  ilivide  the  inch  into  hundredth 
parts  by  it. 

Fa.  The  barometer-plate  is  divided  into  tenths;  the  length 
of  the  vernier  is  eleven-tenths,  but  divided  into  ten  equal 

Ck.  Then  each  of  the  ten  parts  is  equal  to  a  tenth  of  an 
inch,  and  n  tenth  part  of  a  tenth. 

Fa.  True:  but  the  tenth  part  of  a  tenth  is  equal  to  a  hun- 
dredth part;  for  you  remember  that  to  divide  a  fraction  by  any 
number  is  to  multiply  the  denominator  of  the  fraction  by  the 
number;  thus,  -j^flivided  by  10  =  y}[n. 

Suppose  the  index  of  the  vernier  to  coincide  exactly  with 
one  of  the  divisions  of  the  scale  of  variation,  as  29'3? 

Em.  Then  there  is  no  difficulty.  The  height  of  the  baro- 
meter is  aiud  to  be  29  inches  and  3  tenths. 

Fa.  Perhaps,  in  the  course  of  a  few  hours,  you  observe 
that  the  mercury  has  risen  a  very  little:  what  then  will  you 

do? 

Em.  I  will  raise  the  vernier  even  with  the  mercury. 

Fa.  And  you  find  the  index  so  much  higher  than  the  divi- 
sion 3  on  the  scale,  as  to  bring  the  figure  1  on  the  vernier 
even  with  the  second  tenth  on  the  scale. 

Em.  Then  the  whole  height  is  29  inches,  2  tenths,  and  one 
of  the  divisions  on  the  vernier,  which  is  equal  to  a  tenth  and 
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a  hundredth;  that  is,  the  hdght  of  the  mercury  is  29  inches, 
S  tenths,  and  1  hundredth,  or  29*3  L 

Fa.  J£  figure  2  on  the  vernier  stand  even  with  a  diyisioii 
on  the  scale,  how  should  jon  call  the  height  of  ^e  meronrj'? 

Em.  Besides  the  number  of  tenths,  I  must  add  2  hundredths; 
;because  each  divisiim  of  the  yemier  contains  a  tenth  and  a 
hundredth:  therefore,  I  say,  the  barometer  stands  at  29*82; 
;ibat  is,  29incheB,  3  tenths,  and  2  hundredths. 

Fa.  Here  is  a  representation:  a  is  the 
•upper  part  of  a  barometer  tube:  the  quick- 
flflyer  stands  at  c:  from  ir  to  a;  is  part  of  the 
scale  of  Tariation;  1  to  10  is  tiie  yemier, 
'equal  in  length  to  -f^ths  of  an  inch,  but  di« 
'yided  into  10  equal  parts.  In  the  present 
podticm  of  the  mercury,  the  figure  1  on  the 
yemier  coincides  exactly  with  29*5  on  the 
scale;  and,  finding  the  index  stand  between 
the  6th  and  7th  divisions  on  the  scale,  I 
therefore  read  the  height  29.61 ;  that  is,  29 
inches,  6  tenths,  and  1  hundredth. 

Ch,  I  understand  the  principle  of  the 
barometer;  but  I  want  a  guide  to  teach  me  how  to  predict  the 
changes  of  the  weather  which  the  rising  and  falling  of  the 
mercury  presage. 

Fa.  I  will  give  you  rules  for  this  purpose  in  a  few  days.* 

Em.  What  kind  of  a  barometer  is  that  having  a  large  round 
dial-plate  with  an  index. 

Fa,  That  kind  is  called  a  wheel-barometer^  but  they  are  not 
considered  so  correct  for  philosophical  purposes  as  the  simple 
siphon  barometer.  In  that  kind  there  is  a  small  weight  of 
glass  resting  on  the  mercury,  and  nearly  counterpoised  by  a 
tiircad  passing  over  a  wheel  and  supporting  another  weight:  as 
the  mercury  falls  or  rises,  so  does  the  weight  move  which 
turns  the  wheel:  to  this  wheel  is  attached  the  index  hand 
which  mec^  the  eye^  and  marks  the  variations  of  the  altitude 
of  the  mercury. 


Fig.  80. 


*  8«e  page  370. 


THE   BAHOMETEH. 

QOESTIOHS  FOK  EXAMINATION. 

ymt  ii  the  eonatnicUiin  of  Ihe  bnro-     How  nauld  7011  define  a  buon 
When  do™  the  m«coi7  riM. »: 
It  tA\l  7  —  What  it  maa 
(UiKlKnl  oliltuds  ;~Wlii[  it  I 


wRter?— Wlio  dit- 
p]e  oTtbe  baroineter? 
or  apply  11  to  dlMuvnr 


and  in  what  is  It  Ihe  grMteelt—  Of 
what  OK  is  UiD  vsmurr  —  Can  joo 
u.pl  alD  Its  application  ? 


CONVERSATION  XX. 


Charles.  Pray,  papa,  is  the  LeigLt  of  tbe  atmosphere 
known? 

Fa.  If  the  fluid  air  were  Bimilar  to  water,  which  ia  every- 
where of  the  same  density,  iiothiDg  would  be  easier  thaii  to 
calculate  its  height,  When  the  barometer  stands  at  30  inches, 
the  specifie  gravity  of  the  atmosphere  is  800  times  less  tlian 
tliat  uf  water;*  but  mercury  is  about  14  times  heavier  than 
waters  conaequently  Ihe  specific  gravity  of  mercury  is  to  that 
of  air  as  800  multipUed  by  14  is  to  1;  or  mercury  is  11,200 
times  heavier  than  air.  In  the  case  before  us,  a  column  of 
mercury,  30  inches  long,  bulances  the  whole  weight  of  atmo- 
sphere: therefore,  if  the  air  wore  eijually  dense  at  all  heights 
to  the  top,  its  height  must  be  about  1 1,200  times  30  inches; 
that  is,  the  column  of  air  must  be  as  much  longer  than  that 
of  the  mercury  as  the  former  ia  lighter  than  the  latter.  Do 
you  understand  me? 

Ck.  I  think  I  do:  11,200  multipUed  by  30  gives  336,000 
inches,  which  are  equal  to  5^  miles  nearly. 

Fa.  That  would  be  the  height  of  tlie  atmosphere,  if  it 
were  equally  dense  in  all  parts:  but  it  is  found  that  die  air, 
by  its  elastic  quality,  expands  and  contracts,  and  that  at  3^ 
miles  above  the  surface  uf  the  earth  it  is  twice  as  rare  ax  it 
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I0  at  the  surface;  at  7  miles  it  is  4  times  rarer;  at  10^  miles 
it  is  8  times  rarer;  at  14  miles  it  is  16  times  rarer;  and 
so  <m  according  to  the  following 

TABLE. 


-      14 
21 
^98  . 


"a 

•3 


MUei  above  the  mr- 

fkoe  of  the  earth  the 

a'jria 


2* 
4 
8 
16 
8t 
6« 
198 
L266. 


tliiiat  lighter  than  at  Uw 


Nowy  if  you  were  disposed  to  carrj  on  the  addition  on  one 
side,  and  the  multiplication  on  the  other,  jou  would  find  that, 
at  600  miles  above  the  surface  of  the  earth,  a  single  cubical 
inch  of  such  air  as  we  breathe  would  be  so  much  rarified  as 
to  fill  a  hollow  sphere  equal  in  diameter  to  the  vast  orbit  of 
the  planet  Saturn. 

Em,  Is  it  inferred  from  this  that  the  atmosphere  does  not 
reach  to  any  very  gi^eat  height? 

Fa,  Certainly:  for  you  have  seen  that  a  quart  of  air  at  the 
earth's  surface  weighs  but  14  or  15  grains;  and  by  carrying 
on  the  above  table  a  few  steps,  you  would  perceive  that  the 
same  quantity,  only  49  miles  higl^  would  weigh  less  than  the 
sixteenth-thousandth  part  of  14  grains;  consequently,  at  that 
height,  its  density  must  be  next  to  nothing.  From  experi- 
ment and  calculation  it  is  generally  admitted  that  the  atmo- 
sphere docs  not  exceed  45  or  50  miles  above  the  earth's  surface. 

Ch,  By  comparing  the  state  of  the  atmosphere  at  the  bottom 
and  at  the  top  of  a  mountain,  could  you  perceive  a  sensible 
diflference? 

Fa,  We  must  not  trust  to  our  feelings  on  such  occasions. 
The  barometer  will  be  a  sure  guide.  I  will  not  trouble  you 
with  calculations;  but  mention  two  or  three  facts,  with  the 
conclusions  to  be  drawn  from  them.  In  ascending  the  Puj 
de  Dome,  a  very  high  mountain  in  France,  the  quicksilver 
fell  3^  inches;  and  the  height  of  the  mountain  was  found,  by 
measurement,  to  be  3204  feet.  By  a  similar  experiment  upon 
Snowdon,  in  Wales,  the  quicksilver  was  found  to  have  fallen 
d^(f  inches  at  the  height  of  3720  feet  above  the  surface  of  the 
earth.  *  t 
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id  anil  many  other  observations  it  in  iDferred  that. 
Hiding  any  lofty  eminence,  tlie  mei-cury  in  the  barometer 
will  full  yVof  nn  inch  for  every  Imndred  feet  of  perpeudicular 
ascent.  This  number  is  not  risidly  exact,  but  eufficiently  ro 
for  common  purposes,  and.  it  will  be  easily  remembered.  The 
three  following  observatioDS  were  takea  by  Dr.  Nettleton, 
near  the  town  of  Halifax: 


Fiirxwiidiciilu- 
■ItltoitelnfHt. 

LowMt  Kitlon  oi 
tUc  Uorometer. 

IHEliHl  million  of 

DlffLTcncc 

109 

29-78 

29-66 

0-12 

ili6 

29-50 

29-23 

0-27 

6U7 

30-00 

29-45 

0-55 

Em.  If  I  naccnd  a  liigh  liill,  and,  taking  a  barometer  with 
me,  find  the  mercury  lias  fallen  1^  incli,  mny  I  not  conclude 
that  the  hill  is  1,500  feet  in  perpendicular  height? 

/Vj.  You  may.  Are  you  aware  how  great  »  pressure  you 
are  continually  eustiiining? 

Em.  No;  it  never  occurred  to  me.  I  feel  no  burden  from 
it;  tlierefore  it  cannot  be  very  great. 

Fa.  You  sustain,  every  moment,  a  weight  equal  to  many 
tons,  wliich,  if  it  were  not  balanced  by  the  elastic  force  of 
the  ail-  within  the  body,  would  crush  you  to  piecea.  This  is 
well  described  by  Mr.  Lofft, 


Bf  givjiler  vei^hl  of  Uie  iucLimlKtit  air, 
Tbu  Tocki  by  lablod  giuili  net  thrown." 

GimoaiA 

CS.  We  might,  indeed,  have  inferred  that  it  was  consi- 
derable, from  tlic  sensniion  we  felt  when  the  air  was  taken 
from  under  our  hunda.     But  how,  Papa,  do  you  makeout  the 


i 


Fa.  When  the  barometer  stands  at  28-6,  which  is  the  mean 
pressure  of  tlie  aic  upon  every  square  inch,  it  is  more  than 
equal  to  1  i  pounds.  Call  it  H  pounds  for  the  sake  of  even 
numbers,  and  the  surface  of  ti  middle-sized  man  is  14J  foet. 
Tell  me  now  the  weight  he  sustains. 

CA.  I  must  multiply  14  by  tbc  number  of  square  inches 
in  14^  leet.     Now,  there  arc    144  inches  in  a  stjuare  fimfc 
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eonseqoenily,  in  148  feet,  there  are  2,088  square  iiidieB: 
therefore,  14  pounds  multiplied  bj  2,088  will  give  29,232,  the 
number  of  pounds  weight  which  such  a  person  has  to  sustain. 

Fa,  That  is  equal  to  about  13  tons.  Now,  if  Emma  reckon 
herself  onlj  half  ^e  size  of  a  grown  person,  she  will  sustain 
^tons. 

Em.  What  must  the  whole  earth  sustain? 

Fa.  This  you  maj  calculate  at  jour  leisure.  I  wiU  fumiah 
you  with  the  rule. 

**  Find  the  diameter  of  the  earth,*  from  which  you  can 
easily  get  the  superficial  measure  in  square  inches;  and  this 
you  must  multiply  by  14,  and  you  get  the  answer  to  the 
question  in  pounds  avoirdupois." 

The  earUi's  surface  contains  about  200,000,000  square 
miles;  and  as  every  square  mile  contains  27,876,400  square 
feet,  there  must  be  5,575,080,000,000,000  square  feet  in  the 
earth's  surface;  which  number,  multiplied  by  the  pressure  on 
each  square  foot,  gives  the  whole  weight  of  the  atmosphere. 

I  will  now  give  you  some  rules  for  jftdging  of  the  state  of 
the  weather,  which  are  taken  from  writers  who  have  paid  the 
most  attention  to  these  subjects,  and  which  my  own  obser- 
vations have  in  a  great  degree  verified. 

1.  TherialDg  of  the  mercury  prcsan^es.  In  general,  fair  weather;  and  iti  fklling, 
fbul  weather ;  as  rain,  mow,  high  winds,  and  storms.  Wlicn  the  surface  of  the 
mercury  is  conrex,  or  stands  higher  in  the  middle  than  at  the  sides,  it  is  a  sign 
the  mercury  is  then  In  a  rising  state ;  but  if  the  surface  be  concave  or  hollow  la 
the  middle,  it  is  then  sinldng. 

2.  In  very  hot  weather,  the  fklling  of  the  mercury  indicates  thunder. 

8.  In  winter,  the  rising  presages  ttotti :  and  in  Arosty  weather,  if  the  mercnrf 
fUls  three  or  four  diristons,  there  will  be  a  thaw.  But  in  a  continued  frost,  if  the 
mercury  rises,  it  will  certainly  snow. 

4.  When  fbul  weather  happens  soon  aftor  the  depression  of  the  mercuiy, 
expect  but  little  of  it:  on  the  contrary,  anticipate  but  little  fair  weather  when  it 
proves  fair  shortly  after  the  mercury  has  risen. 

5.  Jn  foul  weather,  wheA  the  mercury  rises  much  and  high,  and  so  continues 
Ibr  two  3r  three  days  befbre  the  bad  weather  is  entirely  over,  then  a  continuance 
of  fair  weather  may  be  expected. 

6.  In  fair  weather,  when  the  mercury  falls  much  and  low,  and  tlius  continues 
Ibr  two  or  three  daya  befbre  the  rain  comes,  then  much  wet  may  be  expected, 
and  probably  high  winds. 

7    The  unsettled  motion  of  the  mercury  denotes  unsettled  weather. 

8.  The  words  engraved  on  the  scale  are  not  so  much  to  be  attended  to  aa  the 
xMng  and  fUling  of  the  mercury :  for  if  it  stand  at  much  raint  and  then  rises  to 
•hangeable,  it  denotes  Uir  weather,  though  not  to  continue  so  long  as  if  the 

•  See  CknTOrNtioii  TII.~0f  ABtronomy.    Kate  p.  1S6. 
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mcrcniy  bad  riRn  higbcr.  Utbamerenryitiuiilsmtnur.  and  fiUilo  cIiMignbla. 
ttii  wuilii-riDD)-  be  exported. 

for  B  lurge  tptee.  denota  higb  wlnils  uid  itoniu  :  bul  iii  (ummer  U  preuges 
bonjrihoirui.  and  ollen  thunder.  llnlwiiyiBlolu  lotml  of  oil  far  gnU  windi, 
tbough  not  mxampanicd  Hlth  nin :  but  11  filli  more  tbr  wJnd  Bud  tlia  togeUiar 
tbui  fur  either  of  them  aioat. 

10.  If.  mllcr  nln.  the  wind  change  Into  u;  part  of  the  North,  with  a  deu 
and  diy  akf.  and  the  mercuiy  riiet,  It  li  ■  certain  ifgn  oT  fkir  wealhu. 

11.  Afleiverj  gniat  tlomig  of  nhid,  nhen  the  mercury  ha*  Ima  low.  It  com- 
monlj  rfKI  again  itry  Aul.  In  Hilled  tbir  weather,  except  the  baminfter  sink 
mudi,  expect  but  little  mln.  In  a  wet  aeaaon,  tlie  Eonallevt  depraAou*  mual 
be  atlendcd  to :  for  Hhen  llie  air  ia  much  inalinad  (o  thowen,  ■  little  Knklug  i> 
the  iHUDineler  denota  more  rain.  And  In  luch  a  Kaion,  if  It  riK  uddeuly  fiat 
ind  high,  fair  wealb(!r cannot  bo  DXpecteiliu lad  more  Ihvi  a  day  or  two. 

19.  The  grestut  lielghu  of  the  mercury  are  fbund  with  eulerly  and  north- 
eittcriy  windti  and  it  may  oflen  ndn  or  enow,  the  wind  being  iu  theupolnta, 
vidle  the  banHnrler  ia  Id  b  rising  itale,  (he  effeet>  ul  ihe  wind  rannteracting. 
Butthemanuryainlufor  wind  aawotl  ainlu  in  all  other  polntaof  the  compbH. 

QUESTIONS  FOH  EXAMINATION. 


the  mermiT  prelage  r  —  What  doea  iU 

falUng  danole?  —  According  4a  the 

Ylly  of  Ihe  air  when  the  bannwlcr 

weailier  may  bo  expected  ?  —  Wiial 

aphcrs  equally  denic  at  all  heifeliU?  — 

doei  llie  Ailing  of  tlie  mercury  Indi- 

What !a  Uie  height  of  the  almoaphera 

cate  in  Ytrj  hot  weather?—  What  doei 

Ita  riling  indleate  In  winter  »  —  If  the 

plied  to  anything  abe  beaides  that  of 

may  be  expecledJ— When  mey  bad. 

and  when  fair  weather  be  expected  ?  — 

meter  JUls  In  aeceodlng  an  eminence 

ther  be  expected?  —  When  may  much 

or  100  feet  perpendicular  ?-Can  yon 

repeat  Ihe  llnca  from  Lflfft'i  Endo.ia 

Male,  what  ia  to  be  attended  to?  — 

When  may  liigh    wlnda,    and  when 

l^eury  ahower>'  he  expected?— What 

much  weight  doea  a  full-gmwn  peraon 

i,  Ilic  aign  of  fair  weatl^er  >  -  On  what 

auatain  from  tbe  preuure  of  the   al- 

occaalonj  1b  (he  mercury  the  lilghest  ? 

nwipliete?— Wbatdoealbeilakng  of 

CONVERSATION  XXI. 

OP  THE   THEKMOMGTKR. 

Father,  As  tbe  barometer  is  intended  to  meaanre  the  dif- 
ferent degrees  of  densitj  of  the  atmoapliere,  bo  the  thermo- 
meter ia  desigued  to  murk  tlie  changes  in  ita  temperature, 
with  regard  to  heat  and  cold  :  like  the  term  barometer  it  is 
iin2 


derived  from  two  Greek  words,  thermos  {9ipfim),"he&t,'*  Rnd 
metron  (^trjjof),  "  a  meJisurc." 

Em.  la  there  any  diiTerence  between  the  thermometer 
that  is  atbiched  to  the  barometer,  and  that  which  hangs  oirt  of 

Fa.  No;  they  are  both  made  by  the  same  person,  and  on 
the  same  principle,  and  are  intended  to  exhibit  the  same 
effects.  But  for  the  purposes  of  accurate  observation,  it  is 
usual  to  have  two  instruments;  one  attached  to,  or  near,  the 
barometer,  and  the  other  out  of  doors;  to  ivhich  neither  the 
direct  nor  reflected  I'ays  of  the  sun  should  ever  come.  Though 
my  tbermometera  are  both  of  the  same  construction,  and  eueh 
as  are  principally  used  in  this  country,  yet  there  are  othen 
made  of  different  materials,  and  upon  different  principles. 

Ch.  Does  not  this  thermometer  consist  of  mercury  enclosed 
in  a  glass  tube  fixed  to  a  graduated  frame? 

Fa.  That  is  the  construction  of  Fahrenheit's  tliermometer: 
butwhen  these  instruments  were  first  invented,  about  200year§ 
ago,  air,  water,  spirits  of  wine,  and  then  oil,  were  employed; 
but  these  have  given  way  to  quicksilver,  which  is  considered 
as  the  best  of  all  the  fluids,  being  highly  susceptible  of  expan- 
sion and  contraction,  and  capable  of  eshibitiug  a  more  exten- 
sive scale  of  heat  Fahrenheit's  thermometer,  invented  about 
1726,  is  chiefly  used  in  Great  Britain,  and  Reaumur's,  in- 
vented about  1730,  is  used  on  the  continent. 

Em.  Is  not  this  the  principle  of  the  thermometer — thai  the 
quicksilver  expand*  by  heat,  and  contracts  by  cold? 

Fa.  It  is.  Place  your  thumb  on  the  bulb  of  the  thermo- 
meter. 

Em.  The  quicksilver  gradually  rises. 

Fa.  And  it  will  continue  to  rise  till  the  mercury  and  your 
thumb  are  of  equal  heat.  Kow  you  have  taken  away  your 
hand,  you  perceive  the  mercury  is  fallingas  fast  as  it  rose  before^ 

Cli.  Will  it  come  down  to  the  same  point  at  which  it  stood 
before  Enuna  touched  it? 

Fa.  It  will;  unless,  in  this  short  spncc  of  time,  there  lias 
been  any  change  in  the  surrounding  air.  Thus  the  thermo- 
meter indicates  the  temperature  of  the  air,  or,  in  fact,  of  any 
body  with  which  it  is  iu  contact.  Just  now  it  was  in  contact 
trith  your  thumb,  and  it  roae,  iu  the  space  of  a  minute  or  two, 
_  W  to  62°:  liad  you  held  it  longer  on  it,  the  mercury 
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vonld  liave  risen  still  higher.  It  is  now  falling.  Plunge  it 
into  boiling  water,'  and  you  will  find  that  the  mercury  rises 
to  212°.  Afterwards,  jou  may  place  it  in  ice,  in  its  melting 
state,  and  it  will  fall  to  32°. 

Em.  Why  are  these  particular  numbers  fixed  upon? 

Fa.  You  wili  not  perliaps  be  satislied  if  I  (ell  you,  that 
the  only  reason  why  212  was  fixed  on  to  mark  the  heat  of 
boiling  water,  and  32  to  show  the  freezing  point,  tvas,  because 
it  so  pleased  M,  Fahrenheit.     This,  however,  was  the  case. 

Ck.  I  can  f  asily  conceive  that,  at  the  some  degree  of  cold, 
water  will  always  begin  to  freeze;  but  surely  there  are  dif- 
ferent degrees  of  heat  in  boiling  water,  and  therefore  it  should 
seem  strange  to  have  only  one  number  for  it. 

Fa,  In  an  open  vessel,  boiling  water  is  always  of  the  same 
Lcati  that  is,  provided  the  density  of  the  atmosphere  be  the 
same ;  and  though  you  increase  your  fire  in  a  tenfold  pro- 
portion, yet  the  water  will  ne%er  be  a  single  degree  .hotter; 
tor  the  superabundant  heat,  communicated  to  the  water,  fliea 
oft'  in  the  form  of  sleam  or  vapour. 

Em.  But  suppose  you  confine  the  steam? 

Fa.  Before  I  should  attempt  this,  I  must  be  provided  with 
&  strong  vessel,  or,  as  you  have  seen  under  the  description  of 
the  steam-engine,  it  would  certainly  burst.  But  in  a  vessel 
proper  for  the  purpose,  water  has  been  made  so  hot  as  to  melt 
solid  lead.  ^-. 

Ch.  Will  you  explain  the  construction  of  the  i-'  "-i 
thermometer?  pg    ft" 

Fa.  A  B  represents  a  ghustube:  tbeend  A  is  blown  I  i 
into  a  bulb,  and  this,  with  a.  part  of  the  tube,  I  § 
filled  with  mercury.  In  good  thermometers  the  |  ^ 
upper  part  of  the  tube  approaches  to  a  perfect  j  |j 
vacuum,  and  of  course  the  end  b  is  hermetically  ;  | 
sealed.  If  the  tube  be  now  placed  in  pounded  ice,  i  | 
the  mercury  will  sink  to  a  certain  point,  x,  which  | 
niu^t  be  marked  on  the  tube;  and  on  the  scale  J 
opposite  to  tliia  point  32  must  he  placed,  which  | 
la  Ciiiled  the  freezing  point.  Then,  if  it  be  im-  i.i 
jjiersed  ia  boiling  water,  the  mercury  will  rise,  and,  _ 
after  a  few  minutes,  will  become  stutionaiy,   Against     fi 

•  This  ihonld  be  done  vfry  gmdaiillr,  by  holding  it  lomo  lime  In  the 
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the  point  to  which  it  rises  make  another  mark,  and  write  OB 
the  scale  212,  for  the  heat  of  boiling  water.  Between  thea* 
points  let  the  scale  be  divided  into  180  equal  purta. 

Em.  Why  180  parta? 

Fa.  Because  you  begin  fi-ora  32;  and  if  you  subtract  that 
numberlrom  212,thereiiiainderwillbe  180.  AlsobelowSZ, 
and  above  212,  set  off  mors  divisiitna  on  the  scale,  equal  to 
the  others.  The  scale  is  finished  when  you  have  written 
against  0,  called  zero,  extreme  cold;  against  32.  freezing  point i 
ugainatSS,  temperate  heat  I  tigmnat76,  mmmer  beat;  against 
98.  blood  heat;  against  112,  fever-heat;  against  176,  rpitilt 
boil;  and  against  212,  vater  boils. 

Em.  You  said  that  the  scale  wna  M  be  divided  higher  than 
boiling  water;  but  without  mentioning  the  extent. 

Fa.  The  utmost  extent  of  the  mercurial  thermometer,  hotli 
ways,  are  the  points  at  which  quicksilver  boils  and  fi-eesea; 
beyond  those,  it  con  bo  do  guide.  Kow,  the  dei^ree  of  heat  at 
which  mercury  boils  is  600,  and  it  treeees  when  it  is  brought 
down  OS  low  as  39°  or  40°  helow  0;  consequently  the  whole 
extent  of  the  mercurial  tbermoraeler  is  640  degrees. 

CA.  I  have  been  trying.  Papa,  to  guesa  the  derivation  of 
(he  word  hermetically,  which  you  liave  just  used,  and  which 
you  also  used  in  deflcrihing  the  barometer;  but  I  cannot. 

Fn.  I  dare  say  not;  for  there  is  a  question  aa  to  its  derivm- 
lion:  it  is  lUought  to  be  derived  from  the  Egyptian  Hermes, 
who  was  considered  the  origiuabir  of  chemistry,  which  from 
him  was  called  the  Hermetic  art;  wlience  healing  the  neck  of 
a  glass  tube  so  as  to  twist  it  till  it  is  aii'-tight,  is  said  to  have 
applied  the  "  seal  of  Hermes,"  or  to  be  licrmptieaVy  teated: 
others  derive  it  from  the  originator  of  the  science  of  Al- 
chemy, which  was  also  called  the  llcrmelic  art,  one  Hermea 
Triiim^iatus,  a  man  of  doubtful  existence. 
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Charles.  Is  quicksilver,  when  frozen,  a.  solid  metal,  like 
iron  and  other  metuls? 

Fa.  It  is  thus  fur  simQor  to  them,  that  it  is  malleable,  or 
will  bear  hammering;  and  when  it  boils,  it  goes  off  in  vapour, 
like  boiling  water,  but  much  slower.  Hence  it  has  been 
inferred  ttuitoll  bodies  in  nature  are  capable  of  esiatiug  either 
in  a  solid,  Jluid,  or  aerijitrm  state,  according  to  the  degree  of 
heat  to  which  they  are  exposed. 

Em.  I  understand  tiint  water  may  be  either  solid,  as  ice,  or 
in  ii9  Huid  naturul  stitte,  or  in  a  state  of  vapour  or  steam. 

Fu.  I  do  not  wonder  that  you  coll  the  fluid  state  of  water 
its  natural  state,  because  we  ore  accustomed  in  general  to  see 
it  30;  and  when  it  is  frozen  into  ice,  there  appears  to  us,  in 
this  country,  a  violence  committed  upon  nature.  But  if  a 
person  &om  the  West  or  East  Indies,  who  hod  never  seen  the 
eflects  of  frost,  were  to  arrive  in  Gi-eat  Britain  during  a  severe 
and  long  continued  one,  such  as  formerly  congealed  the  surface 
of  the  Thames,  he  might  conclude,  unless  he  were  told  to  the 
contrary,  that  ice  was  some  mineral,  and  naturaUy  solid. 

Em.  Does  it  never  freeze  in  the  East  or  West  Indies? 

Fa.  It  seldom  freezes,  unless  in  very  elevated  situations, 
within  35  degrees  of  the  equator,  North  and  South:  it  scarcely 
ever  hails  in  latitudes  lugher  than  60°.  In  our  awn  cHmat^ 
and  indeed  in  all  others  between  33°  and  60°,  it  rarely  freezes 
till  the  son's  meridian  altitude  is  less  than  40  degrees.  The 
coldest  part  of  the  24  hours  is  generally  about  on  hour  before 
sunrise;  and  the  wannest  part  of  the  day  is  usually  between 
two  and  four  o'clock  in  the  afternoon. 

Ch.  Are  there  no  degrees  of  heat  higher  than  that  of  boiling 
mercury? 

Fa.  Yes;  a  great  many.  Brass  will  not  molt  till  it  is  made 
more  than  six  timea  hotter  than  boiling  mercury:  and  to  melt 
cast  iron  requires  a  he»t  more  than  six  times  greater  than  is 
required  to  melt  brass. 
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Em.  Bj  what  kind  of  thennometer  are  these  degrees  of 
beat  measured? 

Fa.  The  ingenious  Mr.  Wedgewood  invented  a  thermo- 
meter for  measuring  the  degrees  of  heat  up  te  32«277^  of 
Fahrenheit's  scale. 

d.  Can  jou  exphiin  the  structure  of  his  thermometer? 

Fa.  All  argillaceous  bodies,  or  bodies  made  of  dmj,  ara 
diminished  in  bulk  hy  the  application  of  great  heat.  The 
diminution  commences  at  a  dull  red  heat,  and  proceeds 
regularly,  as  the  heat  increases,  till  the  claj  is  vitrified,  or 
truisformed  into  a  glassj  substance.  This  is  the  principle  of 
Mr.  Wedgwood's  thermometer,  and  he  divides  it  into  240^. 

Fm.  Is  vitriBcation  the  limit  of  this  thermometer? 

Fa.  Certainly:  the  construction  and  application  of  this 
instrument  is  extremelj  simple;  and  it  marks  all  the  different 
degrees  of  ignition  from  the  red  heat,  visible  only  in  the  dark, 
to  the  heat  of  a  wind  furnace.  It  consists  of  two  rulers  fixed 
on  a  plane,  a  little  farther  asunder  at  one  end  than  at  the 
other,  leaving  a  space  between  them.  Small  pieces  of  alum 
and  clay,  mixed  together,  are  made  just  large  enough  to  enter 
at  the  wide  end:  they  are  then  heated  in  the  fire  with  the 
body,  whose  heat  is  to  bo  ascertained.  The  fire,  according 
to  its  heat,  contracts  the  earthy  bo<ly,  so  that,  being  applied 
to  the  wide  end  of  the  gauge,  it  will  slide  on  towanls  the 
narrow  end,  less  or  more,  according  to  the  degree  of  heat  to 
which  it  has  been  exposed.* 

Each  degree  of  Mr.  Wedgewood's  thermometer  answers  to 
130  degrees  of  Fahrenheit;  and  he  begins  his  scale  from  red- 
heat  fully  visible  in  daylight,  which  he  found  to  be  equal 
to  1077.5**  of  Fahrenheit's  scale,  if  it  could  be  can-led  so  high: 
but  the  instruments  for  measuring  the  heat  of  furnaces,  &c., 
are  called  pj/rometers,  which  we  shall  describe  more  at  large 
presently. 

In  the  next  page  is  a  small  scale  of  heat,  as  it  is  applicable 
to  a  few  bodies. 

*  We  hart,  in  the  former puli  (tf  thii  work,  otwened,  that  all  boiies  are  eaf 
pandcd  by  heat.  Tlic  diminution  of  the  argillaceoiu  substances  made  Udo  of  by 
Mr.  Wedgewood  oppean  to  be  an  exception ;  but  a*  the  contraction  of  theM 
does  not  oommence  till  thcf  are  exposed  to  a  red  heat,  it  may  probablf  be  ao^ 
eonnted  for,  fnm  the  expaltion  of  the  fluid  parUdes,  rather  than  (torn  any  real 
eootnetkni  In  the  adUdt. 
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SCALE  OP  HEAT. 
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C/i.  You  aftid  that  Reaumur's  thermometer  waa  ehiefly  used 
abroad.  Whut  is  the  difference  between  that  and  Fahren- 
heit's? 

Fa.  Reaumur  places  the  freezing  point  at  0,  or  zeroj  and 
each  degree  of  his  thermometer  is  equal  to  2^  or  |  degrees  of 
Fahrenheit's. 

Jim,  What  does  he  make  the  heat  of  boiling  water? 

Fa,  Having  fixed  his  freezing  point  at  0,  and  making  one 
of  liis  degrees  equal  to  2^  of  Fahrenheit,  the  heat  of  boiUng 
water  must  be  at  80°. 

Ch.  Let  me  see.  The  number  of  degrees  bet\Teen  the 
freezing  and  boiling  points  on  Fahrenheit's  thermometer  is 
180,  which  divided  by  2J,  or  2.35,  gives  80  exactly. 

Fa.  Yon  have  here  a  rule,  by  which  you  may  always 
convert  the  d^rees  of  Fahrenheit  into  those  of  Reaumur. 
"  Subtract  32  from  the  given  number,  and  multiply  by  the 
fraction  J."  Tell  me  now,  Emma,  what  degree  on  Reaumur's 
scale  answers  to  167°  of  Fahrenheit. 

^m.  Taking  32  from  167,  there  remains  135,  which, 
multiplied  by  4.  gives  540;  and  this  divided  by  9  gives  60. 
So  that  60°  of  R^umur  answer  to  167°  of  Fahrenh^t. 

Ch.  How  shall  I  reverse  the  operation,  and  find  a  number 

■  Iftboa  thm  metmli  bt  mixtd  together  hf  ftulon  In  (he  proportion  of  S,S, 
tud  ].  the  mlxtoca  iriUsult  at  I  t«mpenUui«  be.aw  IbU  or  boiUnx  watDT. 
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on   Fahrenheit's  scale   that   answers  to   a    given   one  on 
Reaumur's? 

Fa.  Multiply  the  given  number  bj  the  iraction  ^  and  add 
32  to  the  product.  Tell  me  what  number  on  Fahrenheit's 
scale  answers  to  40  on  Reaumur's. 

Ch,  If  I  multiply  40  by  9,  and  divide  the  product  by  4,  I 
get  90;  to  which  if  32  be  added,  the  result  is  122:  this  answers 
to  40  on  Reaumur's  scale.  But  what  is  a  register-thermomeier. 
Papa? 

Fa.  Register-thermometers  are  those  that  indicate  how 
high  or  how  low  the  thermometer  has  risen  or  fallen:  they 
are  very  useful  in  hot-houses,  and  for  ascertaining  the  tem- 
perature during  the  night.  One  invented  by  Mr  Six,  of 
Colchester,  has  a  small  index  of  iron  wire  capped  with  enaniel, 
which  lies  in  the  vacuum  of  the  tube,  upon  the  mercury,  and 
as  far  as  the  mercury  rises,  the  index  is  pushed  on,  and 
when  the  mercury  retires,  the  index  is  left  at  the  extreme 
height  it  may  have  risen  during  the  niglit:  it  is  re-set  by 
applying  outside  a  magnet,  which  attracts  the  iron  wire,  and 
enables  you  to  draw  it  down  to  the  mercury.  The  one 
invented  by  Dr.  Rutherford  lies  in  the  spirit,  which  he  uses 
instead  of  mercury,  and  which  marks  how  low  the  spirit  has 
fallen,  where  it  remains ;  this  is  re-set  by  inclining  the  ther- 
mometer, so  that  the  index  may  run  down  to  the  edge  of  the 
spirit.  These  thermometers  are  horizontal  in  their  construc- 
tion. 


QUESTIONS  FOR  EXAMINATION. 

Can  quicksilver  be  compared  with  j  mometer? — How  is  it  used? — To  how 
other  metals  ?  —  Are  all  bodies  in  na-  |  manf  degrees  of  Fahrenheit  does  one 
ture  capable  of  existing  in  the  solid,  i  of  Wedgewood's  answer  ?  —  What  is 
fluid,  aiid  aeriform  state  ?  —  In  what  |  the  difference  between  Reaumur's  and 
parts  of  the  earth  does  it  rarely  if  ever  Fahrenheit's  thermometer  ?  —  How 
freeze  ?  —  Under  what  circumstances  many  degrees  of  Fahrenheit  make  (me 
does  it  seldom  freeze  here  ?  —  What  is  of  Reaumur's?  —  What  is  the  rule  for 
the  coldest,  and  what  is  the  warmest  converting  the  degrees  of  Fahrenheit 
part  of  the  21  hours? — Does  brass  into  those  of  Reaumur?  —  How  is  the 
require  a  great  heat  to  melt  it?  —  Can  operation  reversed  and  the  degrees  oa 
heat  higher  than  boiling  mercury  be  Reaumur  converted  into  those  of  Fah- 
aaccrtained  by  any  mode?  —  What  is  <  renheit? 
the  oonstroction  of  Wedgewood's  thcr-  j 


CONVERSATION  XXTIL 

OF  THE   PTBOMETER   AND   HYaSOMETEB. 

Father.  To  make  our  description  of  philoeopbical  instru- 
ments more  perfect,  I  shall  to-day  show  you  the  construction 
and  uses  of  the  pyrometer  and  hygrometer,  and  conclude  to- 
morrow with  an  account  of  the  ruin-gauge. 

£m.  What  do  you  meaji  by  a  pyrometer? 

Fa.  It  is  a  Greek  w      " 
pounded  of  pyr  (tup))  ' 
melnm    (fiirpor),    "   a    raeasure," 
a    flre-n 


The  pyrometer  is  a  machine  for  i„        i 
measuring  the  espansion  of  solid  ptrrrl 


i 


8ubstanee3,  particularly  metals,  by- 
heat.     This  instrument  will  render  the  smallest  expansion 
sensible  to  the  naked  eye. 

Ck.  Is  all  this  apparatus  necessary  for  the  purpose? 

Fa.  This,  as  far  os  I  know,  is  one. of  the  most  simple 
pyrometers;  and,  as  it  admits  of  an  easy  explanation,  I  have 
chosen  it  in  preference  to  a  mere  complicated  instrument, 
which  might  be  susceptible  of  greater  nicety. 

To  a  flat  piece  of  mahogany,  a  a,  are  fixed  three  studs,  b, 
c,  and  D,  and  at  B  there  is  an  adjusting  screw,  p;  h  f  is  a 
lever,  turning  very  easily  on  the  pivot  t;  and  l  a  is  an  index 
turning  on  l,  and  painting  to  the  scale  m  n:  e  is  part  of  a 
watch  spring,  fixed  at  y,  and  pressing  gently  upon  the  index, 
L  B.  Here  b  a  bar  of  iron,  at  the  coninion  limperature  of  the 
surrounding  air:  I  lay  it  in  the  ^tuds  c  and  n,  and  adjust  the 
screw  p  so  that  the  index  L  e  may  point  to  0  on  the  scale. 

(Vi.  The  bar  cannot  expand  without  moving  the  lever  F 
h;  the  crooked  part  of  which  pressing  upon  l  s,  that  also  will 
be  nioTed  if  the  bar  lengthens. 

Fa.  Try  the  experiment  Friction,  3'ou  know,  produces 
heat.  Take  the  bar  otit  of  the  studs;  rub  it  briskly;  and  then 
replace  it. 

Em.  The  index  L  a  has  moved  to  that  part  of  the  scale 
which  is  marked  2:  it  is  now  going  back.  How  do  you  cal- 
culate the  length  of  the  expanfioii? 

Fa.  The  tar  pressed  against  the  lever  f  h  at  p,  and  that 
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again  presses  against  l  s  at  l;  and  hence  ihey  both  act  as 
levers. 

Ch.  And  they  are  levers  of  the  third  kind;  for,  in  one  case^ 
the  fulcrum  is  at  or,  the  power  at  f,  and  th^  point  2;  to  be 
moved  maj  be  considered  as  the  weight:  in  the  other,  l  is  ths 
fulcrum,  the  power  is  applied  at  r,  and  the  point  s  is  to  be 
moved.* 

Fa.  The  distance  between  the  moving  point  f  and  h  is  20 
times  greater  than  that  between  x  and  f:  the  same  proportion 
holds  between  l  s  and  l  r:  from  this  you  will  get  the  spaces 
passed  through  by  the  different  points. 

Fm.  Then,  as  much  as  the  iron  bar  expands,  so  mucli 
will  it  move  the  point  f,  and  of  course  the  point  z  will  move 
20  times  as  much;  so  tliat  if  the  bar  lengthen  -j^^th  of  an  inch 
the  point  z  would  move  -f^ths,  or  two  inches.  By  the'  same 
rule  the  point  s  will  move  through  a  space  20  times  as  great 
as  the  point  r. 

Fa.  There  are  two  levers,  then;  each  of  which  gains  power 
or  moves  over  spaces  in  the  proportion  of  20  to  1 ;  conse- 
quently, when  united,  as  in  the  present  case,  into  a  compound 
lever,  avc  multiply  20  by  20,  which  make  400;  and  therefore, 
if  the  bar  lengthen  i^th  of  an  inch,  the  point  s  must  move 
over  400  times  that  space,  or  40  inches.  But,  suppose  it 
only  expands  -pnnr*^  P^^  ^^  ^^  inch,  how  much  will  s  move? 

Ch.  One  inch. 

Fa.  But  every  inch  may  be  divided  into  tenths,  and  conse- 
quently, if  the  bar  lengthen  only  the  4  0^0  0^^  P^^t  of  an  inch, 
the  point  s  will  move  through  the  tenth  part  of  an  inch,  which 
is  very  perceptible.  In  the  present  case,  the  point  s  has 
moved  two  inches;  therefore  the  expansion  is  equal  to  ^^ths, 
or  -^jfth  part  of  an  inch.  An  iron  bar,  three  feet  long,  is 
about  nf\fth  part  of  an  inch  longer  in  summer  than  in  winter. f 

C/i.  1  see  that  by  increasing  the  number  of  levers,  you 
might  carry  the  experiment  to  a  much  greater  degree  of 
nicety. 

Fa.  Certainly:  pyrometers  are  of  vainous  forms,  but  the 
most  perfect  are  those  of  Ferguson,  De  Sue,  and  Ramsden; 

*  For  an  aoooant  of  the  diil^rent  Icren,  see  Conversation  XV.  and  XTI.  of 
Hochanics. 

f  The  ratio  of  expansion  of  metallic  rods  of  the  same  diameter,  placed  in  boil- 
<«««»\ter.la  Iboid  to  be.  in  brass  94Jron  7S»  lead  154,  and  silTer  81. 
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to  these  may  be  addsd  that  of  Wedgewood  previouBly  de- 
Bcribed,  and  the  platina  iiyrometers  of  Morvpau,  imd  of  Pro- 
fessor Danifill.  Well;  let  us  now  proceed  lo  the  liygromeier, 
trbich  is  an  instrument  eontrived  tor  measuring  the  diHcreni 
degrees  of  moisture  in  the  almo^jiherc,  it  is  derived  I'rum  tlie 
Greek /lygros  (iiypoc),  " moint,"  aad  metron  {fifrpor),  "omea- 

J^m.  I  have  a  weather-house,  which  I  bought  at  the  fnir, 
tells  me  this:  for  if  the  air  is  very  moist,  and  thereby  denotes 
■wet  weather,  the  man  comes  out;  anil  in  fair  weather,  when 
the  atmosphere  is  dry,  the  woman  makes  her  appearance. 

Ch.  How  is  the  weather-house  constructed? 

Fa.  The  two  images  are  placed  on  a  kind  of  lever,  which 
is  BUBtained  by  catgut;  and  catgut  is  very  sensible  to 
changes  of  the  atmosphere,  twisting  and  shortening  by- 
moisture,  and  untwisting  and  lengthening  as  it  becomes  dry. 
On  the  same  principle  is  constructed  another 
hygromeler.  a  B  is  a  catgut  string,  suspended 
at  A  with  a  little  wdgbt  b,  that  carries  an  index 
c,  round  a  circular  scale,  D  E,  on  an  horizontal 
board  or  table:  for  as  the  catgut  becoinea  moist, 
it  twists  itself,  and  untwists  when  it  approaches  /V^f^ii^ii 
to  a  dry  state.  "*  Fijr~ai 

Em.  Then  the  degrees  of  moisture  are  shown 
by  tlie  index,  which  moves  backwards  and  forwards  by  the 
twisting  and  untwisting  of  the  catgut.     Do  all  kinds  of  string 
twi!>t  with  moisture? 

fa.  Yes.  Take  a  piece  of  common  packthre.od,  and  on  it 
suspend  a  pound  weight  in  a  vessel  of  water,  and  you  will  see 
how  soon  tlie  two  strings  are  twisted  round  one  another, 

CA.  I  recollect  that  the  last  time  the  lines  for  drying  linen 
were  hung  out  in  the  garden,  they  appeared  to  be  much  looser 
intiie  evening  than  they  were  nejtt  morning;  so  tbatl  thought 
some  person  bad  been  altering  ihem.  A  sudden  shower  of 
rain  has  produced  the  same  eifi'ct  in  a  striking  manner. 

£fn.  Sometimes  when  suddeu  damp  weather  has  set  in, 
the  string  of  the  harp  bas  snapped  when  no  person  lias  been 
near  it. 

Fo.  These  are  the  effects  pi-oduced  by  the  moisture  of  the 
mt:  the  damp  of  night  always  shortens  I'air  and  hemjwn  lines: 
and,   owing  to  the  changes  to  nhich  the  atmosphere  ia  oui 
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climate  is  liable,  the  harp,  violin,  &c.,  that  are  put  ia  time  one 
day,  will  need  some  alteratioii  before  thej  can  be  iiaed  the 
next. 

Here  is  a  sensible  and  very  simple  hjgro-  j  n  j^ 

meter:  it  consists  of  a  piece  of  whipcord,        *  ys 

or  catgut,  fastened  at  a,  and  stretched  over  j}(l)^ 
several  pulleys,  b,  c,  d,  e,  f:  at  the  end  is  ~  (o)y 

a  little  weight,  w,  to  which  is  an  index  Jiv 
pointing  to  a  graduated  scale.  |qu/ 

Ch.  Then,  according  to  the  degree  of  m^  3^ 

moisture  in  the  -  air,  the  string  shortens  or 
lengthens,  and  of  course  the  index  points  higher  or  lower. 

Fa.  Another  kind  of  hygrometer  consists 
of  a  piece  of  sponge,  E,  prepared  and  nicely 
balanced  on  the  beam  x  y,  and  the  fulcrum 
2r,  lengthened  out  into  an  index  pointing  to    t 
a  scale,  AC*  ^b 

Em.  Does  the  sponge  imbibe  moisture 
sufficiently  to  become  a  good  hygrometer?  ^^^'  *** 

Fa  Sponge  of  itself  will  answer  the  purpose;  but  it  is  made 
much  more  sensible  in  the  following  manner. 

After  the  sponge  is  well  washed  from  all  impurities,  and 
dried  again,  it  should  be  dipped  into  water  or  vinegar,  in  which 
common  salt,  salt  of  tartar,  or  almost  any  other  salt,  has  been 
dissolved,  and  then  suffered  to  dry,  when  it  should  be  accu- 
rately balanced. 

Ch.  Do  the  saline  particles  in  damp  weather  imbibe  the 
moisture,  and  cause  the  sponge  to  preponderate? 

Fa.  They  do.  Instead  of  sponge,  a  scale  may  be  hung  at 
E,  in  which  must  be  put  some  kind  of  salt  that  has  an  attrac- 
tion for  the  watery  particles  floating  in  the  air.  Sulphuric 
acid  may  be  substituted  for  salt;  but  this  is  not  fit  for  your 
experiments;  because  were  you  to  spill  a  little  it  would  destroy 
your  clothes;  otherwise  it  makes  a  very  sensible  hygrometer. 

Em,  I  have  heard  the  cook  complain  of  the  damp  weather, 
when  the  salt  becomes  wet  by  it. 

Fa.  I  dare  say  you  have:  the  salt-box  in  the  kitchen  is  not 
a  bad  hygrometer:  yet  for  accurate  observations,  neither  deli- 
quescing salts,  nor  any  absorbing  substances,  nor  the  torsion 
or  twisting  of  cords  or  fibrous  matter,  are  to  be  relied  on.  Nei- 
ther Saiusure's  hygrometer  of  a  human  hair  properly  preparedt 
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nor  Tie  Lnc's  hygrometer  of  a  thin  piece  of  whalebone,  both 

of  which  act  by  absorption,  have  been  proved  to  answer. 

The  above  means  give  rough   indicntions  of  variationa   in 

the  humidity  of  the  air;  but  the  principle  of  r.ondensation 

has  been  proved  to  be  much  more  efficient ;  and  you  gave  me 

the  other  day,  when  it  was  bo  oppressively  hot,  an  exact 

illustration  of  it.     You  remember  then  asking  for  a  glass  o1 

cold  spring  water  ;  and  a  little  while  after  it  was  placed  on  , 

the  table,  the  outer  surface  of  the  glass  became  covered  with 

a  heavy  dew  or  vapour,  i 

Ch.  What  was  the  cause  of  this,  papa?  i 

Fa,  The  higher  the  lemjKrature,  the  greater  the  amount 
of  water  air  can  hold  in  solution.  The  water  was  colder 
than  the  air.  and  reduced  its  temperature  to  that  point  at 
which  it  became  saturated  ;  hence  tt  began  to  deposit  the 
vapour  which  it  contained.  This  tem|)erature  is  called  the 
dew-point,  because  it  ia  that  at  -which  dew  begins  to  be 
formed.  We  can  at  any  time  determine  the  dew-point  of  the 
air,  by  placing  some  water  of  tlie  same  temiierature  as  the 
air  in  a  glass,  adding  ice-cold  water  in  smalt  quantities  at  a 
time,  and  noting  the  exact  degree  nt  which  a  thermometer 
immersed  in  the  water  stands,  at  the  very  moment  at  which 
the  dew  begins  to  form  upon  the  outside  of  the  glass.  The 
ditfcrencc,  then,  between  the  temperature  of  the  air  and  that 
of  the  water  in  the  glass,  when  the  dew  begins  to  be  formed, 
will  afford  an  indication  of  the  di-yness  ot  the  air,  or  of  its 
remoteness  from  the  state  of  complete  saturation  ;  and  as 
tables  have  been  composed,  showing  the  quantity  of  water 
present  in  the  oir  at  diSbrent  dew-points,  the  simple  deter- 
mination of  the  latter  will  enable  us  at  once  to  ascertain  this 
quantity. 

Ch.  Is  the  dew  which  is  deposited  upon  our  gross-plat  of 
the  same  origin  as  that  upon  the  glass? 

Fa.  It  is.  During  the  d^iy  the  earth  receives  heat  from 
the  sun,  but  during  the  night  it  gives  oiT  this  heat  by  radia- 
tion to  the  sky,  and  thus  reduces  the  temperature  of  the  air 
with  which  it  is  in  immediate  contact  to  its  dew-point.  The 
amount  of  dew  deposited  is  proportionate   to  this  cooling  -i 

process;  thus,  in  cloudy  nights,  when  the  free  cooling  of  the 
Borface  of  the  earth  is  prevented  by  the  clouds,  which  reflect  I 

_      the  heat  again  towards  the  earth,  but  little  dew  is  formed  ;  j 


of  the  Biadi  greater  redDctaaa  of  tem^etatiuv  firasi  tb*  ma 
frMradktkm. 

C9L  I  bare  bend  of  Duiiell'*  bTgrciMter— how  doe*  tU 
•et? 

A.  Upea  tbe  prindple  of  oondensetion,  wLidi  we  an 
examplified  in  tbe  ease  of  tbe  glaM  of  water.  Tbe  instru 
meat  coowtta  of  a  bulb  of  black 
glMB  a  eoanected  to  anolliar  bulb  e 
bgr  a  bent  lube.  Enoogb  ralpbaric 
etber  to  fill  tbree-foortbi  of  the 
ball  m  is  introdooed  into  it;  a  delicata 
tbcrmometer  ia  fixed  in  tbe  limb  a  ft; 
and  aa  much  of  tbe  atmospheric  air 
aa  pomble  ia  expelled  from  tbe  tnbe 
before  it  ia  doaed  when  made.  T^ 
bolb  c  it  covered  with  miulini  the 
whole  if  supported  apon  a  brass  stand 
de,to  which  another  delicate  thermo- 
meter is  attached.  The  iiutroment  is  used  thus  :  the  etbei 
ia  first  collected  in  the  bulb  a  by  ioclining  the  tube,  so  that 
this  bulb  is  held  lowermost;  it  is  then  placed  upright,  tbe 
temperature  of  the  surrounding  air  U  noted  in  tbe  outsidi 
thermometer;  etber  is  next  poured  upon  the  muslin  at  c,  ant 
tbe  cold  resulting  from  its  evaporation  causing  condensation  o 
tbe  vapour  of  tbe  ether  within  the  bulb,  produces  rapid 
evaporation  from  a,  by  which  the  temperature  of  the  tber 
mometer  within  it  is  lowered;  and  when  tbe  black  bnlt 
ii  thns  cooled  to  the  dew-point,  a  film  of  condensed  vapoor  ii 
deposited  upon  the  bulb.  The  temperature  then  indicated  b] 
the  thermometer  within  a  at  the  instant  at  which  the  doM 
begins  to  be  deposited  forms  the  dew-point. 

Ch.  What  is  the  wet-bulb  hygrometer? 

fa.  This  form  of  instrument  consists  of  two  delicqfe  tber- 
nKHneters  placed  ride  by  side,  the  bulb  of  one  of  which  is 
covered  with  muslin ;  this  is  tied  round  tbe  bulb,  and  th« 
end  of  the  strip  allowed  to  hang  into  a  little  glass  vessel 
filled  with  water.  Evaporation  then  goes  on  from  the  moslin 
covering  the  bulb,  but  this  does  not  become  dry,  becanse 
more  water  ascends  by  capillary  attraction  through  the 
muilin,  to  replace  that  loat.     As  the  evaporatiou  continues) 
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the  temperature  of  the  thermometer  becomes  lowered  by  the 
cold  produced.  Presently  the  diminution  of  temperature 
attains  its  maximum.  The  difference  between  the  heights 
of  the  two  thermometers  indicates  the  comparative  states  of 
dryness  of  the  air.  If  the  air  be  moist,  less  evaporation  will 
take  place,  and  the  depression  of  temperature  of  the  ther- 
mometer in  the  wet  bulb  will  be  but  slight;  whilst,  if  the  air 
be  very  dry,  the  evaporation  will  be  very  great  and  rapid, 
and  the  diminution  of  temperature  great  also. 


QUESTIONS  FOB  EXAMINATION. 


What  do  you  mean  by  a  pyrometer?  . 
.—Explain  the  structure  and  use  of  that  | 
represented  by  fig.  32. — For  what  is  ' 
the  hygrometer  used? — Upon   what  i 
principle  does  the  common  weather-  | 
house  act?  —  Can  you  tell  how  the 
hygrometer    (fig.    38)    acts?— What 
effect  has  moisture  on  pack-tliread,  cat- 
gut, &c.  ? —  Show  me  how  the  hygro- 
meter (fig.  34)  acts. — How  can  spongt 


be  made  into  an  hygrometer  ?— How  ii 
the  principle  of  condensation  applied  to 
hygrometry?— What  is  meant  by  the 
dew-point?  —  Uow  is  the  dew-point 
determined  ? — How  is  dew  formed  ?^ 
What  is  the  principle  of  Daniell's  hy- 
grometer  ? — What  is  the  wet-bnlb  hy- 
grometer?— Explain  to  me  the  prixk^ 
dpleolttaia? 


CONVERSATION  XXIV. 

OF    THE    RAIN-GAUGE. 

FcUher,  We  will  now  describe  the  rain-gauge,  an  instru- 
ment intended  to  show  the  height  or  quantity  of  rain  that 
falls  in  anj  particular  place;  it  has  various  names  given  it  by 
scientific  men;  as  the  Ombrometer,  from  the  Greek  om^ro* 
(o/i/3poO,  "rain  or  a  shower,"  and  metron  (fierpoy),  "a 
measure;"  or  the  Pluviometer,  from  the  Latin /?/wrif«,  "rainy  ;*• 
or  the  Udometer y  from  the  Latin  tidus,  "  wet." 

Ch,  Does  the  rain-gauge  measure  accurately  the  quantity 
of  rain  that  falls  ? 

Fa,  It  shows  the  height  to  which  the  rain  would^  rise  on 
the  place  where  it  is  fixed,  if  there  were  no  evaporation,  and 
if  none  of  it  were  imbibed  by  the  earth.  The  one 
we  had  consisted  of  a  funnel,  a  communicating  with 
a  cylindric  tube  b.  The  diameter  of  the  funnel  was 
exactly  12  inches,  and  that  of  the  tube  was  4  inches. 
Tell  me,  Emma,  what  proportion  the  area  of  the 
former  has  to  that  of  the  latter.  yjg,  ^. 


Em.  I  roDcmlier  thai  all  pkw 

to  one  another  as  are  the  Hfoarea  cf 
Kcnr  the  aquare  of  12  is  144,  aad  the 
4is  16;  therefore,  the  proportion  of  the  area  cf  the  fi 
to  thai  of  the  tube  as  144  to  la 

Fa.  But  144  maj  be  diTided  by  16  wiAost  leBrin^  a 


CL  Yes;  9  times  16  make  144;  coiisei|flentlj;  the 
portion  is  as  9  to  1;  thai  is^  the  area  of  the  fimnd  is  9  ta 
greater  than  that  of  the  tube. 

Fa.  U,  then,  the  water  in  the  tube  be  raised  9  inchei^  the 
depth  of  rain  fallen  wiH,  in  the  area  of  the  fonod,  which 
is  the  true  gaoge;,  be  ontyone  indi. 

Emu  Does  the  little  graduated  rule  mariL  the  rise? 

Fa.  Yes,  it  does.  It  is  a  floating  index,  divided  nls 
inches. 

Em.  IC  then,  the  float  be  raised  one  inch,  is  the  depth  of 
water  redumed  only  ^th  of  an  inch? 

Fa.  Yes:  and  each  nine  inches  in  length  bein<;  divided  into 
100  equal  parts,  the  fall  of  min  can  be  r^ily  estimated  to  the 
^i^th  part  of  an  inch.  Rain-gauges  should  be  varnished  or 
weU  painted,  and  as  much  water  should  be  first  poured  in  as 
will  raise  the  float  to  such  a  height  that  the  0,  or  zero  pcnnt 
on  the  ruler,  may  coincide  with  the  edge  of  the  funneL 

OL  This  is  not  like  jour  present  rain-gauge. 

Fa.  That  which  I  now  use,  though  somewhat  more  diflicnlt 
of  explanation,  is  a  much  cheaper  instrument;  it  may  be  made 
without  the  bottle,  for  a  single  shilling.  It  consists  of  a  tin 
fnnnel;  the  area  of  the  top  of  which  is  exactly  10  square 
inches,  and  the  tube,  about  o  or  7  inches  long,  passes  through 
a  cork  fixed  in  a  quart  bottle. 

Em.  Is  there  anj  particular  proportion  between  the  area^ 
of  the  funnel  and  that  of  the  bottle? 

Fa.  No,  it  is  not  necessar/;  for  in  this  the  weight  of  the 
rain  is  calculated  bj  its  weight  compared  with  the  area  of  the 
funnel,  which  is  known.  For  everj  ounce  of  water,  I  allow 
173  parts  of  an  inch  for  the  depth  of  the  rain  fallen.  Thus, 
the  last  time  I  examined  the  bottle,  I  found  that  the  water 
weighed  exactly  6  ounces;  and  6  multiplied  hj  173  gives 
1038;  tliat  is,  the  rain  fallen  in  the  preceding  month  was  equal 
to  rather  more  than  an  inch  in  depth.     In  the  month  of  June 


the  rain  collected  in  the  gauge  ■weighed  1 1 J  ounces,  which  is 
nearly  equal  lo  2  inches  in  depth. 

Ch.  Pray  explain  the  reason  for  multiplpng  the  nufiber 
of  ounces  by  the  defimals  -173. 

Fa.  Every  gallon  of  pure  rain  water  contains  231  cubic 
inches,  and  weighs  81b.  5  oz.  f  avoirdupois;  consequently 
every  ounce  of  water  is  equal  to  '173  cubic  inches;  but  the 
arett  of  the  funnel  is  10  square  inches,  and  lU  multiplied  by 
■173,  the  depth  of  the  rain  fallen,  is  equal  to  1-73. 

You  have  now  a  pretty  full  account  of  all  the  instruments 
necessary  for  judging  of  the  state  of  the  vfcather,  and  for 
comparing,  at  different  seasons,  the  various  changes  as  they 
happen. 

Em.  Yes;  the  barometer,  informs  us  of  the  weight  or  den- 
sity of  the  atmosphere;  the  thermometfr,  shows  in  heat;  the 
hygrometer,  what  degree  of  moUlure  it  contains;  and  by  the 
rain-ffaiiffe  we  learn  how  much  min  falls  in  a  given  time. 

Fa.  The  rain-gauge  must  bo  fixed  at  some  distance  from 
all  buildings  which  might  in  any  way  shelter  it  from  driving 
winds;  and  the  height  at  which  the  surfiMX  of  the  funnel  is 
from  the  ground  must  be  ascertained. 

C/i.  Does  it  make  any  difference  in  the  quantity  of  rain 
collected  if  the  gauge  stands  on  the  ground  or  some  feet  above 
it? 

Fa.  Very  conaiderable:  as  that  which  I  have  described  is 
a  cheap  instrument,  one  may  be  placed  on  the  top  of  the  house, 
and  the  other  on  the  garden  wall;  and  you  will  find  the  dif- 
ference ntuch  greater  than  you  would  imagine. 


QUESnONS  FOR  EXAMINATION. 

■led  ?  —  How  doH  Ibut  act  wUlcli  Ia 

uoiupuiDg  the  chiogen  of  the  .tmo- 

rtpr«tnted  In  Bg.  30?  — What  pro- 

iphem.  —  Uow  Bbould  the  nln-guise 

poRJoo  do  lU  ptiDc  lurruicd  besr  W 

one  uDMIier?—  How  It  the  rUc'of  tlie 

w.l*r  notwl?  —  To  whu  dag™  of  «=- 

the  RSuge  sl«nil  on  the  groiiud  or  on  ■ 

comer  "n  the  quinlily  of  riin   be 

mcMured  ?  —  Cm    yon   rsplnin    Iho 

of  the  emrtb  ? 

FNEUMA1IC& 
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If.  Tim  iiMillj  qf tb«  rir 
IS.  Hm  airpHip  ii  A 
14.  ATaenoBliAipMecaipCiedorafer. 
U.  iLitiidal  iMmUiM  an  nude  bj 
If.  ItebdglittowMAMttfdiriimieaiBt 
«rair  fontd  into  UMrcMeL 

17.  Theaaeent  of  anoke  and  TapcRiridcpcBds  OB  the  dcBiKj  of  the  air. 

It.  A  piaee  of  eork  tad  a  picee  of  lead  eacaetij  balaaoeil  in  the  air,  1 
iBtwdacad  aBder  the  raeehrcr  of  an  airiainip^  and  the  air  takn  awaj,  the 
wfl]  appear  the  heariett  body. 

19.  The  efltetf  at  the  air-gun  depend  on  the  elasticUy  and 


to.  Air-gam  will  amwcr  the  nme  puipoeci  ai  fbwUng-pieeea. 

SI.  The  air  prwaei  npon  every  body  immened  in  It,  and  on  ererf 

tS.  Air  ia  the  medinm  of  aomd,  and  ■oandia  increaaed  in 
dliifj  of  the  air. 

tt.  Thonder  la  prodneed  by  the  eonenasion  of  two  bocfiet  of  air. 

14.  All  Mmoroat  bodies  are  elaatic.  and  their  parts  are  made  to  Ttbrata  b 
ptRuarion. 

f  ft.  The  Tibrationa  of  a  bdl  are  inrieible. 

16.  Bound  can  be  heard  at  a  great  diatanee  wlien  tt  paaeea  orer  water. 

17.  Soond  trarela  at  the  rate  at  1143  feet  In  a  second  of  time:  hence  ia  aari^ 
ttmd  tlM  distaaoe  of  a  slonn  wliea  aeoompanled  by  thonder  and  Ughtel^  o 
Aa  dlstanee  of  a  ship  in  disirsss  by  the  firing  of  her  gnns. 

tt.  8o«nd  la  the  eflBOt  prodoced  on  tlie  ear  by  the  nndolstions  of  tha  air. 

tt.  WImb  theae  andnlatioBS  strike  against  any  sorflMe  adapted  to  tha  pBipaH 
-Mi  arsrsisetod  baeK.  an  eoho  is  prodMed. 
*'  St.  For  an  eolio  to  be  liaard,  the  ear  most  be  in  a  Hne  of  refleetloa. 

tl.  There  can  be  bo  eolio  naless  the  direct  and  reflected  soonds  faOom  om 
fothff  at  a  soflldent  Interral  of  time. 

tt.  For  an  echo  to  be  distinct,  the  reflected  aoond  must  traTol  over,  ai  Iwil 
St7  feat  more  than  the  direct. 

tt.  If  many  syllables  are  to  be  repeated,  the  distance  most  be  inrruwl  li 
impotUoii  to  tha  Bomber  of  syllables. 


?  jl  moBt  igncftblo  tantf^  whii 
I  upon  Ihe  dUTcreut  lengUu  ol 


whicli  u?  Tmrivd  br  tbe  flngeri  oi  uiv  musiciim. 

as.  All  tbeltiingiofui  likiUM  hirp  will.  iT  let  to  tbe 
•triking  one  onlj. 

t».  Air  in  aotiaa  eonttltuCea  wind. 

10.  ThF  prlDolpiil  ciuKorniiid  ii  hoRtcurniRunleited  b 

*1,  Till  Hnokc-Jack  lUiU  by  tliE  races  ottlie  air  otthv  ra 
Sed  ucenda  tbs  ebinuier  und  Btiikci  updd  ttie  vmnei  of  Ibi 

<3.  Tbc  dircoiloa  oC  Uib  wind  It  ileDomlnittcil  IVom  thi 
Itblowi. 

43.  Tbar*  m  tfai«e  kJndt  of  trindi  i  tiM  coniluit,  tba  j 

4«.  On  tba  M*-cauU  betmen  thr  tropin  the  RiDd  Uc 
In  the  ■!■]',  ind  towmdB  the  KS  by  nl)*t. 

46.  ThcforeeofthPwindloireinMislhFiiqumreoftU- 

47.  BaromctirB  an  hutmmFQti  fur  meniurlng  tha  wel 

48.  The  Torrlnlllui  tuuubi  Is  Uia  empty  ipaee  in  tl 
bammatar  tnbe. 

49.  The  BUnilard  altitude  of  the  mcrcnry  lluctaato  In 


0>1  MHngi, 


n  Ifnrgjda  the  ihon 


uppiT  part  of  the 
ill  conntrj  betwean 
lathebeJgEitafUw 
tbo  mcreory  to  th* 


fiu.  WlthlDiuirtnearthe  tropicathfra li but  Uttlc  variation 
mercucyoftfae  huDmetar  in  all  wealhan. 

M,  The  Terakr  1i  ui  Inttruniiint  ta  ihootha  Buctiutlon  oF 
hnadmlth  pan  of  an  Inch. 

fJ.  Air  La  about  §U0  tinwi  lighter  than  water. 

la.  The  banHnctcr  hii  bcm  applied  lottie  meuurlng  of  a! 

S4,  A  eoainaD  died  penon  bean  fnnn  the  prcanm  of  tbi 

£6.  The  tUimuHueMr  ii  intended  to  mark  tlie  chaogel  In 
tbe  atmoapbere. 

"    ■" "■"  '-■■■ '  —  "■ netcn  expand  by  but 


relght  equal 
iperature  of 

or  other  daldi  oaad  M  tl 

natare  an  capable  of  csttting  in  ■  lolld.  fluid,  and  air 


a.  Wedirewood*!  themumeter  li  intended  to  mei 

ch  are  abotu  boillDg  mennity. 

) .  Each  degree  of  Btauoiur'i  thermometer  ii  eqaal  to  J]  of  FBhrenh«lf  i. 

1.  The  pyrometer  <■  a  michlne  for  meanirtng  the  cipanaion  of  aotld  inb- 

I.  The  hyKromelerli  anlnuinmentconljind  tameaaun  dUTerenl  degreoi  of 

i(un  In  the  atmofphtra. 

I.  Tbarahi'caugeBieanmttaB  quantity  of  rafat  fUlaDonweparticnlvipol 


J 
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OPTICS. 


FIRST    CONVERSATION. 


INTRODUCTION OF   LIGHT THE    SMALLNE8S    OF    ITS  Pi 

TICLES — THEIR   VELOCITY THEY   MOVE    OMLT 

IN    STRAIGHT   LINES. 


FATHER  —  CHARLES JAMES. 

Oiarles.  When  we  were  on  the  sea,  you  told  us  that  y 
would  explain  the  reason  why  the  oar,  which  was  stniie 
when  it  lay  in  the  boat,  appeared  crooked  as  soon  as  it  ^ 
put  into  the  water. 

Fa,  I  did;  but  it  requires  some  previous  knowledge  befo 
you  can  comprehend  the  subject.  It  would  afford  you  b 
little  satisfaction  to  be  told  that  this  deception  was  caused  1 
the  different  degrees  of  JRefractiofi  which  take  place  in  wat 
and  in  air. 

Ja,  What  do  you  mean  by  the  word  refraction  ? 
Fa.  Refraction  is  a  term  frequently  used  in  the  science  ' 
optics;  and  this  science  depends  wholly  on  lighL 
Ja.  What  is  light? 

Fa,  It  would,  perhaps,  be  difficult  to  give  a  direct  answ( 
to  your  question,  because  we  know  nothing  of  the  nature  < 
light,  but  by  the  effects  which  it  produces.  In  rensonini 
however,  on  this  subject,  it  is  generally  admitted,  that  ligh 
consists  of  inconceivably  small  particles,  which  are  projected 
or  thrown  off,  from  a  luminous  body  with  great  velocity,  u 
all  directions. 

Ch,  But  is  it  true  that  light  is  material,  that  is,  composec 
of  particles  of  matter? 

Fa,  There  is  no  proof,  indeed,  that  light  is  material^  o\ 
composed  of  particles  of  matter;  and  therefore  I  said  it  was 
^Wfyi  not  universally y  admitted  to  be  so:  the  nature  oi 


i 


light  has  been  the  groundwork  of  two  rery  great  theories, 
one  termed  the  UndtUatoTy  Theory,  and  the  other  tlie  Cor- 
■  puscular  Theory.  The  former  supposes  light  to  consist  of  the 
undulationa  of  the  particles  of  eome  elastic  and  extremely 
rare  medium,  as  ether,  which  pervades  the  whole  unirerse;  it 
obtained  the  support  of  Descartes,  Hooko,  Huygens,  and  Youas, 
and  of  late  yeara  has  been  revived.  You  will  understand  how 
the  particles  of  the  ether  move  in  undulations  or  waves,  by 
recollecting  the  particles  of  water  in  the  sea  or  a  river,  when  set 
in  motion  by  the  wind  ;  or  the  ears  in  a  field  of  ripe  corn,  whea. 
they  are  acted  upon  by  the  same  agent.  T!ie  Corpitscular 
T^eoryresulted  from  the  immortal  Newton,  who,  in  1672,  con- 
sidered light  to  consist  of  inconceivably  minute  particles,  in 
l<atin  eorpusculutn,  "a  small  body  or  atom,"  perfectly  material, 
though  extremely  subtile,  passing  with  immense  velocity, 
nearly  200,000  miles  in  a  second,  from  luminous  bodies  into 
the  eye  ;  this  theory  is  the  base  of  the  present  system  of 
Optics,  and  exclusively  prevailed  till  lately. 

Ja.  Does  not  the  light  come  from  the  sun  ia  a  somewhat 
similar  manner  that  it  does  from  a  candle? 

Fa.  We  may  suppose  so;  but  there  appears  to  be  ii  great 
diiTerence  between  the  two  bodies,  A  candle,  whether  of 
wax  or  tallow,  is  aoon  eshausted ;  but  philosophers  have  never 
heen  able  to  observe  that  the  body  of  the  sun  is  at  all  di- 
minished by  the  light  which  it  iocessantly  pours  forth. 

Ja.  You  say  incessantly:  but  we  see  it  only  by  day. 

Ch.  That  is  because  the  part  of  the  earth  which  we  in- 
habit is  turned  away  from  the  sun  during  the  night:  but  our 
midnight  ia  mid-day  to  some  other  parts  of  the  earth. 

Fa.  You  are  right,  Charles:  besides,  you  know  that  the 
BUn  is  not  intended  merely  for  the  bene&t  of  this  globe,  but  is 
the  source  of  light  ani'  heat  to  twenty-two  other  planets  and 
eigliieen  moons  belonging  to  them. 

Ch.  You  have  included,  I  perceive,  the  more  recently  dis- 
covered little  planets,  denominated  Asteroids. 

Fa.  I  will  therefore  now  inform  you  that  the  snn  to  these 
ia  tbe  perpetual  source  of  light,  heat,  and  motion ;  and  to  more 
distant  worlds  it  is  a  fixed  star,  appearing  to  some  as  large  as 
Arcturus;  to  others  nu  larger  than  a  star  of  the  sixth  raag- 
nitudei  and  to  others  It  must  be  invisible;  unless  the  in- 
'habitants  have  the  assistance  of  glasses,  or  are  endowed  with 
better  eyes  than  ourselves. 
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Jo.  Do  jou  know,  Papt,  how  swift  the  partickB  of  Ughl 
moYe? 

Fa.  That  jou  may  eaiilj  calculate^  when  you  knoiw  that 
thej  are  onlj  about  eight  minutes  in  coming  froia  the  sun. 

C%.  And  if  JOU  re^on  that  at  the  distance  of  ninetj-fiTe 
millions  of  miles  from  the  earthy  light  proceeds  at  the  rale, 
nearly,  of  twelve  millions  of  miles  in  a  minute,  or  at  200,000 
miles  in  a  second  of  time.  But  how  do  yon  know  that  it 
travels  so  fast? 

Fa.  It  was  discovered  by  M.  Boemer,  who  observed  thst 
the  eclipses  of  Jupiter's  Satellites  took  place  about  aixteea 
minutes  twenty-six  seconds  later,  if  the  earth  was  in  that  part 
of  its  orbit  which  is  furthest  irom  Jupiter,  than  if  it  was  in 
the  opposite  point  of  the  heavens,  when  nearest  to  that 
planet 

CA.  I  understand  this.  The  earth  may  sometimes  be  in  a 
line  between  the  sun  and  Jupiter,  and  at  other  times  the  sua 
is  between  the  earth.and  Jupiter;  and  therefore,  in  the  latter 
case,  the  distance  of  Jupiter  from  the  earth  is  greater  than  io 
the  former,  by  the  whole  length  of  its  orbit. 

Fa.  In  this  situation  the  eclipse  of  any  of  the  satellites  is, 
by  calculation,  sixteen  minutes  twenty-six  seconds  later  than 
it  would  be  if  the  earth  were  between  Jupiter  and  the  sun: 
that  is,  the  light  flowing  from  Jupiter's  satdlites  is  about  six- 
teen minutes  in  travelling  the  length  of  the  earth's  orbit,  or 
190  millions  of  miles. 

Ja.  It  would  be  curious  to  calculate  how  much  faster  light 
travels  than  a  cannon-ball  fired  with  the  greatest  force. 

Fa.  Suppose  a  cannon-ball  to  travel  at  the  rate  of  twelve 
miles  a  minute;  light  moves  a  million  of  times  faster  than  that; 
and  yet  Dr.  Akenside  conjectures  that  there  may  be  stars  so 
distant  fVom  us,  that  the  light  proceeding  from  them  has  not 
yet  reached  the  earth. 

....    Whose  imfkdfng  light 
Has  tntTenM  the  profbmid  six  thouiand  jvtn. 
Nor  Tit  airlTed  in  fight  of  mortal  things. 

Ja,  And  you  say  the  particles  of  light  move  in  all  di« 
recdons. 

Fa.  Yes;  take,  for  example,  this  sheet  of  thick  brown- 
paper.    I  will  make  but  a  small  pin-hole  in  it,  and  now. 
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tbroagh  that  hole,  you  enn  are  oil  the  oltjects,  such  sk  the  aky, 
trees,  houses,  &c.,  as  well  as  if  the  paper  were  not  there. 

Ch.  Do  we  only  see  objects  by  means  of  the  raya  of  light 
which  come  from  them? 

Fa.  In  no  other  way:  uid  therefore  the  light  that  coidgb 
from  the  landscape  which  you  see  by  lookiog  through  the 
■mall  hole  in  the  paper,  must  come  in  all  directions  at  the 
same  tiioe.  Take  another  instance.  If  a  candle  be  placed 
lon  an  eminence  in  a  dark  night,  it  may  be  seen  all  round  for 
the  space  of  half  a  mile:  in  other  words,  there  is  no  place, 
within  a  Sphere  of  a  mile  in  diameter,  where  the  candle  can- 
not be  seen;  that  is,  where  some  of  the  rays  from  the  small 
flame  will  not  be  found. 

Ja.  Why  do  you  limit  the  distance  to  hali'  a  mile? 

fa.  The  distance,  of  course,  will  be  greater  or  less  ac- 
cording to  the  size  of  the  candle:  but  the  degree  of  light,  like 
heat,  diminishes  iu  proportion  as  you  go  further  from  the 
luminous  body. 

C'/t.  Does  it  follow  the  same  law  as  gravili/f 

Fa.  It  does:  the  intenaiiy  or  degree  of  light  decreases  as 
the  square  of  the  distance  from  the  luminous  body  increases. 

Ja.  Do  you  mean  that,  at  the  distance  of  two  yards  from  a 
candle,  we  shall  have  four  times  less  light  than  we  should  have 
if  we  were  only  one  yard  from  it? 

Fa.  I  do;  ajid  ut  three  yards  distance,  nine  timesless  light; 
and  at  four  yards  distance  you  will  have  nixteeu  times  lees 
light  than  you  would  were  you  within  a  yard  of  the  object. 

I  have  one  more  thing  to  tell  yoa.  Light  always  moves  in 
straight  linep. 

Ja,  How  is  that  known? 

Fa.  Look  through  a  straight  tube  at  any  object,  and  the 
rays  of  light  will  flow  readily  irom  it  to  the  eye;  but  if  tbs 
tube  be  bent,  the  object  cannot  be  seen  through  it;  which 
proves  that  light  will  move  only  in  a  straight  line.  So,  like- 
wise, if  you  have  two  or  three  pieces  of  mill-board,  with  a 
bole  in  Uie  centre  of  each  of  them,  and  hold  them  up  before  a 
cnndle  a  little  apart  from  each  other;  if  the  holes  are  in  the 
same  straight  line,  the  light  will  pass  through  them  to  the 
wall;  if  they  are  not  *>,  the  light  will  be  obscured. 

This  is  plain  also  from  the  shadows  which  opatjue  bodies 
cast     Hold  any  olyect,  such  as  a  square  beard,  or  a  book,  ia 
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the  light  of  the  fiun,  or  a  candle,  the  shadow  caused  bj  h  wB 
prove  that  light  moyes  onlj  in  right  or  straight  lines:  for  the 
rays  pass  from  the  light  straight  by  the  edge  of  the  oliject  to 
the  extremities  of  the  shadow. 

Ch,  But  what,  Papa,  is  the  meaning  of  the  word  OpHaJ 

Fa,  It  is  a  term  applied  to  that  part  of  Natand  X'liilosopl^ 
w}4ch  treats  of  vision  or  sight,  being  derived  from  the  Greek 
word  optomai  (6inrofjuu)y  "  I  see.** 

Ch.  And  does  it  not  also  treat  of  light,  and  the  yaiions  phe« 
ncmiena  connected  with  it? 

Fa.  Of  course;  I  have  observed  it  to  yon  before. 

Ch.  Are  there  no  other  sources  of  light  besides  the  mm? 

Fa.  All  luminous  bodies,  that  is,  such  as  do  not  require 
borrowed  light  to  be  perceptible,  are  generally  considered  as 
such.  For  instance,  the  sun,  the  fixed  stars,  and  probably 
the  comets.  Moreover,  all  combustible  and  phosphorescent 
bodies. 

Ja.  What  is  meant,  Papa,  by  phosphorescent  bodies? 

Fa.  It  is  well  known  that  wood,  and  many  other  organie 
substances,  when  they  decay,  give  off  a  peculiar  light  which 
is  termed  phosphorescent.  Many  insects  and  other  animals 
possess  this  property,  and  I  need  scarcely  call  to  your  mind 
the  pretty  glow-worm,  whose  bright  green  light  we  have  fre* 
'quently  had  occasion  to  admire  in  our  evening  walks. 

Other  bodies  become  luminous  when  heated,  rubbed,  or 
struck;  a  familiar  instance  of  which  is  the  light  produced  by 
Striking  a  piece  of  flint  against  a  steel-blade. 

Ja.  What  is  a  ray  of  light? 

Fa.  It  is  thought  to  be  a  stream  of  very  minute  particles 
emitted  from  f/ny  luminous  body,  and  which  invariably 
proceeds  in  a  direct  line,  unless  its  direction  be  changed  or 
stopped  by  some  intervening  object 
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Of  what  docs  light  consist? — Are 
the  particles  of  hght  veiy  small  ?  — 
From  whence  docs  light  proceed?  — 
Who  discovered  the  velocity  of  light, 
and  by  what  means  was  the  discovery 
made  ?  —  How  much  fkster  does  light 
traf  el  than  a  cannon-ball  ?  —  What  is 
Dr.  Akenside's  conjecture  on  this  sub- 
XetT—  JEtepeat  the  li&M  in  which  it  is 


contained.  —  How  is  it  proved  that 
the  particles  of  light  move  in  all  di> 
rections? — In  what  proportion  ia  the 
intensity  of  light  reclconcd  ?  —  Explain 
what  you  mean  by  this.  —  How  does 
light  move  ? — Wliat  experiment  proves 
this  ?  —  Are  there  any  other  sources  ot 
light  besides  the  sun  ? — What  ia  meant 
by  a  phosphorescent  body? 
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ITS   OF  UGHT OF   REFLECTIOIT, 
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Charhg.  You  talked,  tlie  la^t  time  we  met,  of  the  rays  of 
light  flowing  or  moving.     Wliat   did   you  define  a  ray  of 

Fa.  Light,  you  know,  according  to  the  coTpuscular  theory, 
is  suppos^  to  be  in»de  up  of  indefinitely  small  partirles. 
Now,  one  or  more  of  these  particles  in  motion,  from  any  body, 
ia  called  a  ray  of  light.  If  tliis  auppoaition  be  true,  that  light 
consists  of  particles  floiving  from  a  luminous  body,  such  as 
the  sun;  and  that  these  particles  are  about  eight  minutes  ia 
coming  from  the  sun  to  us:  therefore,  if  the  sun  were  blotted 
from  the  heavens,  we  should  actually  have  the  same  appear- 
ance  for  eight  minutes  after  the  destruction  of  that  body  as 
we  now  have, 

Ja.  I  do  not  understand  how  we  could  see  a  thing  that 
would  not  BKist. 

Fa,  The  sun  is  perpetually  throwing  off  particles  of  light, 
which  travel  at  the  rate  of  twelve  millions  of  miles  in  a 
minute:  and  it  is  by  these  that  the  image  of  the  bo<ly  is  im- 
pressed on  our  eye.  The  sun  being  blotted  from  the  iirma- 
meut  would  not  aSect  the  course  of  the  particles  that  had  the 
instant  before  been  thrown  from  liini;  tliey  would  travel  on 
as  if  nothing  had  happened,  and,  till  the  lost  particles  had 
reached  the  eye,  we  should  think  we  saw  the  sun  as  we  do 

Ch.  Do  we  not  actually  see  the  body  itself? 

Fa.  The  sense  of  sight  may,  perhaps,  not  be  unaptly  com- 
pared to  that  of  smell.  A  gi'iUD  of  musk  will  throw  olf  its 
odoriferous  particles  all  round,  to  a  considerable  distance;  and 
if  you  or  I  happen  tn  be  near  it,  the  particles  which  fall  upon 
certain  nerves  in  the  nose  will  excite  in  us  those  sensations  by 
which  we  say  we  have  the  smell  of  musk.  In  the  same  way 
particles  of  light  are  flowing  in  every  direction  from  the  grain 
of  musk,  some  of  which  fall  on  the  eye,  and  these  excite  dif- 
ierent  sensations;  from  which  we  say  we  see  a  piece  of  musk. 

Ck,  But  the  smell  of  the  musk  will,  in  time,  he  completely 
dissipated  by  its  throwing  off  the  Une  particles;  whereao  ■ 
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chair  or  a  table  maj  throw  off  its  raya  so  as  to  be  rkBib, 
withoat  ever  diminfahing  in  size. 

Fa.  True:  becaiue  whatever  is  distingaiahed  bj  the  Beam 

of  smell  is  known  onlj  bj  the  partides  of  the  odoriferooi 

bodj  itself  flowing  from  it;  whereas  a  bodj  diatingpoiahed  bf 

tbe  aanse  of  sight  is  known  bj  the  rajs  of  U^tywbidaflal  '^ 

on  the  bodj,  and  are  then  refUded  ftoat  it. 

Jo.  What  do  jou  mean  bj  being  reflecUdf 

Fa.  If  I  throw  this  marble  forobl j  against  the 

win  it  remain  where  it  atrndi? 

Jm.  No:  It  will  rsfoifiid^  or  oome  back  again. 

Fa.  What  jon  call  rebonnding^  writors  on  optfea 

nata  rffleeikm.    Whan  a  bodj  of  anj  kind,  wfaelhcr  U  be  a 

marble  with  which  jon  f^j,  or  a  particle  of  Ughft^  atrikea 

againat  a  sorfiuM^  aii^  is  sent  back  again,  it  ia  sa^  to  be  !•• 

fleeted.    If  jon  shoot  a  marble  straight  againat  a  bowdt  or 

an  J  other  obstade,  it  comes  back  in  the  same  line^  or  aearij 

so:  but  suppose  you  throw  it  sideways,  does  it  return  to  the 

band? 

Ch,  Let  me  see.  I  will  shoot  this  marble  against  the 
middle  of  one  side  of  the  room  from  the  comer  of  the  opposite 
side. 

Ja.  You  now  fiod  that,  instead  of  coming  bock  to  your 
hand,  it  goes  off  to  the  other  comer,  directly  opposite  to  the 
place  from  which  you  sent  it. 

Fa.  This  will  lead  us  to  the  explanation  of  one  of  the 
principal  definitions  in  optics — ^viz.,  &at  the  angle  of  refUctiom 
is  aluHXjfi  equal  to  the  angle  ^  incidence.  Do  you  remember 
what  an  angle  is,  my  children? 

Ch.  We  do:  but  we  do  not  know  what  an  angle  of  tii- 
efdenceiB. 

Fa.  1  said  that  a  ray  of  light  was  a  particle  of  light  in 
motion:  now  there  are  inddeni  nySf  and  reflected  raya. 

The  incident  rays  are  those  which ^a//  on  the  surface;  and 
ihe  reflected  rays  are  those  which  are  sent  offfTom  it 

Ch.  Does  the  marble,  going  to  the  wainscot,  represent  the 
incident  ray,  and,  in  going  from  it,  does  it  represent  the  rs- 
fiectednj? 

Fa.  It  does:  and  the  wainscot  may  be  called  the  reflecting 
snrfiMO. 
Jo.  Then  what  are  the  angles  of  incidence  and  reflection? 
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Ta.  Suppose  you  droiW  the  linen  on  trhich  the  murble 
passed  to  the  wainscot,  and  from  it  again. 

Ch.  I  will  i)o  it  with  a  piece  of  chalk. 

Fa.  Now  draw  a  perpendicular  from  the  point  where  the 
marble  struck  the  surface,  that  is,  where  your  two  lines  meet, 

Ch.  I  see  there  are  two  angles;  and  they  seem  to  be  equal. 

Fa.  If  the  experiment  were  accurately  nind%  the  two 
angles  would  be  pei-fi-ctly  equal:  the  angle  contained  oetween 
the  incident  ray  and  the  perpendicular  is  called  the  angle  of 
incidence;  and  that  contained  between  the  perpendiculai-  and 
reflected  ray  is  called  the  angle  of  reflection. 

Ja.  Are  these  in  all  casca  equal,  if  the  marble  be  shot  in 
uy  direction? 

Fa.  'ihey  are:  and  the  truth  holds  equally  with  rays  of 
light.  To  prove  it,  stand  both  of  you  in  front  of  the  looking- 
glass.  Each  of  you  sees  himself  and  his  eompaiiion  at  the 
•ame  time;  for  the  rays  of  Ught  flow  fi-om  you  to  the  glosa, 
»nd  are  reflected  back  agoin  in  the  same  lines.  Now,  both 
of  you,  stand  on  one  side  of  the  room.     What  do  you  see? 

Ch.   Not  ourselves;  but  the  furniture  on  the  opposite  side. 

Fa.  The  reason  of  this  is,  that  the  raya  of  light  Itowing 
from  you  to  the  glass  are  reflected  to  the  other  aide  of  the 
room. 

Ch.  Therefore,  if  I  go  to  that  part,  1  ahall  see  the  raya  of 
light  floiving  from  my  brother:  and  I  now  see  hira  in  the 
glaaa. 

Ja.  And  I  see  yon. 

Fa.  Now,  the  raya  of  light  flow  from  each  of  you  to  the 
glass,  and  are  reflected  to  each  other:  but  neither  of  you  sees 
himself. 

Ch.  No.  I  will  more  in  front  of  the  glaae:  now  I  see 
myself,  but  nat  my  brother;  and  I  think  I  understand  the 
■uhjeot  very  well. 

Fa,  Then  explun  it  to  me  by  a  figure,  which  you  maj 
draw  on  the  slate. 

Ck.  Let  ab  represent  ihe  looking-glaas.  If 
I  stand  at  n,  the  rays  flow  from  me  to  Ihe 
glass,  aud  are  reflected  back  in  the  same  line, 
because  now  there  is  no  angle  of  incidence, 
and  of  course  no  angle  of  reflection;  but  if  I 
.  stand  at  z,  then  the  rays  flow  from  me  to  the 
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H^wiy  tmt  thejr  make  the  angle  vcjff  and  therafiMce  thej; 
be  rejected  in  the  line  cjf,  so  as  to  make  the  angb  jrai^ 
(which  is  the  angle  of  reflection^)  equal  to  the  ei^tocec 
And  if  James  stand  at  If,  he  will  see  me  a(  s^  and  I^  atoading 
at  X,  shall  see  him  at  y . 

Fa.  The  portion  of  <^tics  peculiarly  applied  to  the  ilbi- 
mtion  of  reflection  is  called  catopinei,  uom '  the  Qntk  * 
€aiopiron  (mrowrpoy^  "a  mirror,*^ a  wordcompooadedof 
(koto),  **  from,  or  against,"  and  og^amtd  (pwro§Mtu\  **  I 

QUEsnoirs  ros  ezaminatiok. 

Hoirliftny  of  Uglit  daieribed?—  ddeninjir^Wliaft  it  MMUif  lBri»> 

By  wtimt  meuu do  we  Mt  old^cti f —  fleetednji? — TeQawbowtlMa 

To  wtimt  if  the  angle  of  refleotioii  of  IneMent  and  lefleeled  lagm  ii 

«qaal? — Wbal  do  yoa  mean  bj  in*  tritiiil  tij  thn  Innjli^  itui 
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Charles.  If  the  looking-glass  stop  the  rajs  of  ligh^  and 
reflect  them,  why  cannot  I  see  myself  in  the  window? 

Fa.  It  is  the  silvering  on  the  looking-glass  which  causes 
the  reflection :  otherwise  the  rays  would  pass  through  it  with- 
out heing  stopped;  and  if  they  were  not  stopped,  they  oould 
not  he  reflected.  No  glass,  however,  is  so  transparent  as  not 
to  reflect  some  rays.  Put  your  hand  to  within  three  or  four 
inches  of  the  window,  and  you  will  see  clearly  the  image 
of  it. 

Ja.  So  I  do;  and  the  nearer  the  hand  is  to  the  glass,  the 
more  evident  is  the  image;  hut  it  is  formed  on  the  other  side 
of  the  glass,  and  heyond  it  too. 

Fa.  It  is.  This  happens  also  in  looking-glasses:  you  do 
not  see  yourself  on  the  surface,  hut  apparently  as  far  behind 
the  glass  as  you  stand  from  it  in  the  front.  The  silvering 
on  the  back  of  a  looking-glass  is  an  amalgam,  or  mixture  <» 
tin  and  mercury,  and  mercury  when  clean,  as  well  as  polished 
metallic  surfaces,  reflect  nearly  all  the  rays  of  light  which  fUl 
upon  them;  but  those  surfaces  that  are  dull  and  rough  reflect 
but  few.  The  surface  of  the  substance  rather  than  its  nature 
has  the  greatest  influence  in  reflection. 
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Whatever  suffera  tne  rays  of  light  to  pass  through  it,  is 
railed  a  medium.  Olnse,  which  is  transparent,  is  a  medium; 
so  ulao  is  air :  water,  and  indeed  all  fluids  that  are  transparent, 
axe  called  media,  and  the  more  transparent  the  body,  the  more 
perfect  is  the  medium. 

Cli.  Do  the  rajB  of  light  pass  through  these  in  a  straight 
line? 

I-'a.  They  do:  but  not  in  precisely  the  same  direction  in 
■which  they  were  moving  before  they  entered  it:  they  are 
iraf  out  of  their  foimer  course;  aud  this  is  colled  re/rocf ion, 
which  fakes  place. at  the  surfbee  of  separation  of  the  two 

Ja.  Can  you  explain  this  term  more  clearly? 
Fa.  Suppose  a  b  to  be  a  piece  of 
glass,  two  or  three  inches  thick,  and 
a  ray  of  light,  c  a,  to  fall  upon  it  at 
a;  it  will  not  pass  through  it  in  the 
direction  e  ,1,  but  when  it  comes  to  a, 
it  will  be  bent  towards  the  perpen-  (■]_  j_ 

dicular  a  b,  and  go  through  the  glass 

in  the  course  a  x;  anil  when  it  comes  into  the  air,  it  will 
pass  on  in  the  direction  x  x,  which  is  parallel  to  c  i, 

Ch.  Does  this  happen  if  the  ray  fall  perpendicularly  on 
the  glass  as  P  a  ? 

Fa.  In  that  case  there  is  no  refraction;  but  the  ray  pro- 
ceeds in  its  passage  through  the  glass,  precisely  in  the  same 
direction  as  it  did  before  it  entered  it;  namely,  in  t!ie  direc- 
tion p  b. 

Ja.  Does  refraction,  therefore,  take  place  only  when  the 
rayB  fall  obliquely,  or  slantingly,  on  the  medium? 

Fa.  Yes  :  rays  of  light  may  pass  out  of  a  rarer  into  a 
denser  medium,  as  from  air,  into  water  or  glass;  or  they  may 
pass  from  a  den^r  nodium  into  a  rarer,  as  from  water  into  air. 
Ch.  Are  "the  effects  the  same  in  both  cases? 
Fa.  By  no  means:  and  I  wish  you  to  remember  the  dif- 
ference. Wlien  light  passes  out  of  a  rarer  ifito  a  densn-r  me- 
dium, it  is  drawn  to  the  perpendicular:  thus,  if  c  n  pass  from 
air  into  glass,  it  moves,  in  its  passage  through  it,  in  the  line 
a  r,  which  is  nearer  to  the  perpendicular  a  b  than  the  line  a  s, 
which  was  its  first  direction. 

But  when  a  ray  passes  firom  a  denser  medium  into  a  rareTi 
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it  moves  in  tidinc^an  farther  from  the  peq[»eadieiilsr:  tba^ 
if  the  raj  x  a  pass  through  glass  or  water  into  air,  it  win  doI| 
when  it  comes  to  a,  move  in  the  direction  a  m,  bnt  in  As 
Une  a  c,  which  is  farther  than  a  m  from  the  porpeDdiailB 
a  p. 

Ja.  Can  you  show  us  any  experiment  in  iUnsttrntion  of 
this? 

Fa.  Yes,  I  can.  Here  is  a  common  earthen  pan;  on  ths 
bottom  of  which  I  will  lay  a  shilling,  and  fiuiten  it  with  a 
piece  of  soft  wax,  so  that  it  shall  not  move  firom  its  plaes 
while  I  pour  in  some  water.  Stand  back  till  you  jnst  loss 
sight  of  the  shilling. 

Ja.  The  side  of  the  pan  now  completely  hides  the  aght  of 
the  money  from  me. 

Fa,  I  will  now  pour  in  a  pitcher  of  clear  water. 

Ja,  The  shilling  is  now  visible.     How  is  this  explained? 

Fa.  Look  to  the  last  figure,  and  conceive  your  eye  to  be 
at  c,  A  B  the  side  of  the  pan,  and  the  piece  of  money  to  be  at 
X ,  now,  when  the  pan  is  empty,  the  rays  of  light  flow  from 
X  in  the  direction  x  a  m ;  but  your  eye  is  at  c;  of  course  yoQ 
caxfiot  see  anything  by  the  ray  proceeding  along  xang^  As 
soon  as  I  put  the  water  into  the  vessel,  the  rays  of  light  pro- 
ceed from  X  to  a ;  but  there  they  enter  from  a  denser  to  a 
rarer  medium,  and  therefore,  instead  of  moving  in  a  m,  as 
they  did  when  there  was  no  water,  they  will  be  bent  fiwm 
the  perpendicular,  and  will  come  to  your  eye  at  c,  as  if  the 
fihilling  were  situate  at  n. 

Ja.  And  it  appears  to  me  to  be  at  n. 

Fa.  Remember  what  I  am  about  to  tell  you;  for  it  is  a 
kind  of  axiom  in  optics.  '*  We  see  everything  in  the  diree- 
turn  of  tliat  line  in  which  the  rays  approach  us  last:"  which 
may  be  thus  illustrated : — I  place  a  candle  before  the  looking- 
glass,  and  if  you  stand  also  before  the  glass,  the  image  of  the 
candle  appears  behind  it;  but  if  another  looking-glass  be  so 
placexl  as  to  receive  the  reflected  rays  of  the  candle,  and  you 
stand  before  this  second  glass,  the  candle  will  appear  behind 
that;  because  the  mind  transfers  every  object  seen  along  the 
line  in  which  the  rays  came  to  the  eye  last. 

Ch.  If  the  shilling  were  not  moved  by  the  pouring  in  of  the 
water,  I  do  not  understand  how  we  couU  see  it  afterwards. 

Fa.  But  yon  do  see  it  now  at  the  point  n^  or  rather  at  the 
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little  dot  just  above  it,  which  is  an  inch  or  two  from  the 
place  where  it  was  laatened  to  the  bottom,  and  Irom  which 
^ou  may  convince  yourself  it  has  not  moved. 

Ja.  \  sliould  like  to  be  convinced  of  this.  Will  you  make 
the  experiment  iigain,-  that  I  raay  bi}  satisfied  of  it. 

Pa.  Vou  may  maJce  it  as  often  aa  you  please,  and  the  effect 
irill  always  be  tlie  aamc:  but  you  must  not  imagine  that  the 
Bbilling  only  will  appear  to  move,  the  bottom  of  the  vessel 
seems  also  to  change  its  plaL'e. 

Ja.  It  appears  to  me  to  be  raised  higher  na  the  water  i> 
poured  in. 

Fa.  I  trust  you  arc  satisfied  by  this  ejcperiment  now:  but 
I  can  show  you  nnotlier  equally  convincing;  only  for  this  we 
stand  in  need  of  the  sun. 

Take  on  empty  basin  or  pan,  a,  into  a  dark  room,  *p 

having  only  a  y^^j  small  hole  in  the  window  shutter;     .    .  f, 
■    place  the  basin  so  that  a  ray  of  light,  s  *,  shall  fall      \t\ 
upon  the  bottom  of  it  at  a:  here  moke  a  email  mark,      \Jl\ 
and  tlien  fill  the  basin  with  water.     Now,  where     Jjl' 
does  the  ray  fall  ?  "»■ 

Ja.  Much  nearer  to  the  side,  at  b. 

Fa.  I  did  not  move  the  basin,  and  therefore  could  have  no 
power  tu  altering  the  course  of  the  light. 

Ck.  It  is  very  cleBT  that  the  ray  was  refracted  by  the 
water  at  t :  and  I  see  that  the  eiFect  of  refraction,  in  this  in- 
stance, has  been  to  draw  the  lay  nearer  to  a  perpendicular, 
which  may  be  conceived  to  be  the  aide  uf  the  vessel. 

Fa.  The  same  tiling  may  be  shoivn  with  a  candle  in  a 
room  otherwise  dark.  Let  it  stand  in  such  a  manner  so  that 
the  shadow  of  the  side  of  a  pun  or  box  may  fall  somewhere 
at  the  bottom  of  it.  Mark  the  place,  and  pour  in  water,  and 
the  shadow  will  not  then  fall  so  far  from  the  side. 

quESTio^rs  fok  examination. 


Wbj  doM  Om  Rliu  )n  the  window 

med[.?— WMl  ii  m«i>tbr»fnu:tkia! 

nfl«t  (be  njri  of  Ught^— Dot*   sll 

Wli.1  i>  th.  rul<  when  »  r.,  of  light 

cf  Kxhl'-lB  loDkinx  ■!  m  looKn(r- 

pum  fram   ■   niTvr  Into   ■    deiun 

gUu.  wbsn  ia  tbe  l(na(e  of  rountir 

naUnm?  — What  It  tbe  rule  when 

tbrmcd?— WI.X  1.  meut  bf  i  Eie- 

It  pusFS  from  ■  denwr  into  ■  rtia 

diBp.?-W1..t  ™n*liliilM  (hi  ««I- 

'  nmlium  ?  -  Wl.it  experiment  Is  «hl 
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bltcdln  proaTcif  thbi7—lB  what  it 

nji  of  ligbL   p*u  Ibnnigb  diOeniil 

re«iondow««e«,xthiOB? 

CONVERSATION  IT. 


a 


OF   THE   REFLECTION'    AND    lEEFBACTION  OF   LIGHT. 

Father.  We  will  proceed  to  some  farther  illustrations  of 
laws  of  reflection  and  refraction.  We  will  first  shut  out  all 
light  except  the  ra^  that  comes  in  at  the  snnall  liole  in  tha 
shutter.  At  the  bottom  of  this  basin.where  the  ray  of  light  &U4. 
I  will  lay  this  piece  of  looking-glass;  and  if  the  wnterbe  reo^ 
dereil  in  a  small  degree  opaque  by  mixing  with  it  a  few  drop! 
of  milk,  and  the  room  be  filled  with  dust  by  any  msans,  yoa 
will  th3a  see  the  refraction  which  the  ray  from  the  shuUer 
ondergoes  in  passing  into  the  water,  the  reflection  of  it  at 
the  surface  of  the  looking-glass,  and  the  refraction  which 
takes  place  when  the  ray  leaves  the  wat«r  and  passes  agsin 
into  the  air. 

Ja.  Does  this  refraction  take  place  in  all  kinds  of  git 

Fa.  It  does;  but  where  the  glass  is  very  thin, 
window-glass,  the  deviation  is  so  small  as  to  be  generally 
overlooked.  You  may  now  understand  why  the  oar  in  the 
water  appears  bent,  though  it  be  really  straight;  for,  suppon 
A  B  to  represent  water,  and  max  the 
oar,  the  image  of  the  part  a  x  in  the 
water  will  lie  above  the  object,  so 
tliat  the  oar  will  appear  in  the  shape 
matif  instead  of  m  a  x.  On  this  ac- 
count also  a  fish  in  the  water  appears 
nearer  the  surface  than  it  actually  is;  and  a  marksman  Bhoo(> 
ing  at  it  must  aim  below  the  place  which  it  seems  to  occupy. 

Cli.  Does  the  image  of  the  object  seen  in  the  water  alwa^ 
appear  higher  than  the  object  really  is? 

Fa,  It  appears  one-fourth  nearer  the  surface  than  tba 
objecl  actually  is;  Hence  a  pond  or  river  is  a  third-part  deepet 
than  it  appears  to  be,  which  is  of  importance  to  rcmemba; 
for  many  a  school-boy  has  lost  his  life  by  imagining  tl0, 
water  into  which  he  plunged  was  within  his  depth. 

Ja.  You  say  that  when  the  bottom  appears  one-JottrA 
nsarcr  the  surface  than  it  is,  the  water  ia  a  third  deeper  thu 
it  seems  to  be;  I  do  not  understand  this. 

Fa.  Suppose  the  river  to  be  six  feet  deep,  which  is  soffi* 
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«ient  to  drown  you  or  mc,  if  we  cannot  swim,  I  say  the  bottom 
will  appear  to  be  only  four  feet  and  a  hall'  from  the  surface; 
in  which  case  you  could  stand  and  have  tixe  greater  part  of 
jour  head  above  it.  Uf  course  it  appeiirs  to  be  a  foot  and  a 
half  shallower  than  it  is;  but  a.  foot  und  u  half  is  Just  the 
tkird  part  of  four  feet  nud  a  half. 

Ch.  Can  this  beBJiowii.by  experiment? 

Fa.  Certainly.  I  will  take  this  kr^e  empty  pan,  and 
with  a  piei:e  of  tatt  wax  stick  a  piece  of  money  at  the  bot- 
touii  AC  that  you  can  just  see  iL  us  you  stand.  Ket'p  your 
position,  and  1  will  pour  in  a  quantity  of  water  gradually. 
Kuw  tell  me  Low  it  appears. 

Ch.  The  shilling  rises  exactly  in  the  same  proportion  aa 
the  water  is  increased. 

Fa.  KecoUect,  then,  in  future,  thst  we  cannot  judge  of 
dutanccs  so  welt  in  water  as  in  air. 

Ja.  Nor  of  magnitudes  either,  I  conceive:  for,  in  looking 
through  the  sides  of  a  glaits  globe  at  some  gold  and  silver  £sh, 
I  thought  them  very  large;  but  when  1  looked  down  upon 
them  from  the  top,  they  appeared  much  smaller  indeed. 

fa.  Here  the  convex  or  round  shape  ol'  the  glass  becomes 
a  magnifier:  the  reason  of  which  will  be  explained  hereafter. 
A  fish  will,  however,  look  larger  in  water  than  it  really  is. — 
I  will  show  you  another  experiment,  whii'h  depends  on  refrac- 
tion. Here  is  a  plass  goblet,  two-thirds  iuU  of  water;  I 
throw  iatQ  it  a  shilling,  put  a  plate  on  the  goblet  and  turn  it 
quickly  over,  that  the  water  may  not  escape.  What  do  you  see? 

C/i.  There  is  certainly  a  hall-crown  lying  on  the  plate; 
and  a  ithilling  seems  swimming  aliuve  it  iu  the  water. 

Fo.  Bu  it  appears,  indeed;  but  it  is  a  deception  which 
ftri«ee  from  your  seeing  the  piece  of  money  in  two  directions 
at  oii^  viz.,  through  the  conical  surface  of  the  water  at  the 
Hide  oJ  the  gliiss,  and  through  the  flat  surface  at  the  top  of  the 
water.  The  conical  gurface,  as  wafl  the  case  with  the  globular 
one,  in  which  the  fish  were  swimming,  magnifies  the  money; 
but  by  the  flat  surface  the  rays  are  only  refracted;  on  which 
acconnt  the  money  is  seen  higher  up  in  the  glass,  of  its  natural 
aize  or  nearly  so. 

Ja.  If  1  look  sideways  at  the  money,  I  only  see  the  Iwge 
piece;  and  if  only  nt  the  top.  I  see  it  in  its  mttunil  size  and 
state. 


CA.  Look  again  at  tlie  tinh  in  the  gloss,  and  you  vrill  mc^ 
titroagh  the  round  part,  two  very  large  fisli;  and,  seeing 
them  from  the  upper  purt,  thejr  appear  of  their  natuntl 
am.  The  deception  ia  the  same  as  with  the  shilliug  in  tlia 
goblet 

Fa.  Tlie  principle  of  refraction  is  productive  of  some  veiy 
important  etTci'ta.  By  this  the  sup,  everj  clear  morning,  is 
B«en  several  minutes  before  he  comes  to  the  borizou,  aai 
eqnally  long  after  he  sinks  beneath  it  in  the  evening. 

Ch.  Then  the  days  are  longer  than  ihey  would  be  if  then 
were  do  such  a  thing  as  refmciioD.  Wilt  you  ezplaia  bow 
this  happens? 

/a.  1  will.  You  know  we  have  an  atmosphere  which 
extends  all  round  the  earth,  and  above  it,  to  about  the  lieight 
ef  forty-five  miles.  Now,  the  dotted  cii-cle»  of  fig.  5  represent 
that  atmosphere.  Suppose,  then,  a  spectator  to  stand  at  *, 
and  the  sun  to  be  at  i;  if  there  were  no  refraction,  the  perma 
at  t  would  not  see  the  rays  frtHn  the  sun  till  he  were  sitMilwl, 
witti  regard  to  the  sun,  in  a  line  i  Jra;  because,  when  it  wu 
beluw  the  horizon  at  6,  the  raya  would  puss  by  tlie  earth  in 
the  direction  bxo;  but,  owing  to  the  atmosph«%,  and  ita  re- 
fracting power,  vrhen  the  rays  from  b  reach  x,  they  an 
bent  towards  the  perpendicular,  and  carried  to  the  spectator 

Ja.  Will  he  really  see  the  image  of  tlie  sun  while  it  is  be- 
low the  horizon? 

Fa.  lie  will:  for  it  is  eaay  to  calculate  the  moment  wbea 
the  sun  rises  and  sets;  and  if  that  be  compared  with  exact  ob- 
Eervation,  it  will  be  found  that  the  image  of  the  sun  ia  eeca 
sooner  and  later  than  this,  by  several  minutes,  every  clear  day. 

Ch.  Are  we  subject  to  the  same  kind  of  deceptiau  wbMi 
tho  sun  is  actually  above  the  horizon? 

Fa.  We  are  always  subject  to  it  in  theae  ktitudes;  and  Iht 
sun  is  never  actually  in  that  place  in  the  heaveas  whetn  ht 
appears  to  be. 

Ja.  Why  in  these  latitudes  particularly? 

Fa.  Because  with  us  the  sun  is  never  in  the  xeniU^^  t^. 
directly  over  our  heads;  and  in  that  situation  alone""*  ~~ 
place  in  the  heavens  is  the  f^ame  as  his  upp:irenl 

Ch.  Is  titat  because  there  is  no  refraction  wh 
fall  perpendicularly  on  the  atmosphere? 
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Fg.  It  is:  bnt  when  the 
nn  is  at  nt,  his  mjs  will  not 
proceeil  in  a  direct  line,  mxo, 
bul  will  be  bciit  out  of  their 
course  at  o,  and  puas  in 
direction  oi;  and  the  spec-  '_ 
tutor  will  imagine  that  he 
sees  the  bud  in  the  line  «  o  n. 

Ch.  What  makes  the  Dtoon 
looksomuchlargcr  whcnit  is  "*  •■ 

Just  above  the  horizon  than  when  it  is  higher  np? 

Fa.  The  thicknest  of  tlie  almoGphere,  when  the  moon  ia 
near  the  horizon,  renders  her  less  bripht  than  when  she  is 
higher  up;  which  leada  ua  lo  suppose  that  she  is  farther  off 
ill  the  former  case  than  in  the  latter;  and,  because  we  imapine 
her  to  be  farther  from  us,  we  take  her  to  be  a  larger  object 
tban  when  she  ia  liigher  up. 

It  is  oiring  to  the  atmosphere  that  the  heftrena  appear 
bright  in  the  dajtime.  Without  an  atmosphere  that  part 
only  of  ibe  heavens  would  appear  luminous  in  which  the  tiun 
is  placed:  in  thatcaee,  if  we  could  live  without  air,  and  should 
Btand  with  oar  backs  to  the  sun,  the  whole  heafens  would 
appear  as  dark  as  night 

Heflection  and  refraction  are  termg  derived  from  the  Latin 
ymi-Ai  Tefteclo,  "I  bend  back;"  onA  rcfrango,  "I break  back." 

Ch.  iiow  long  is  it  since  the  refractive  power  of  the  aUno- 
^bere  wns  first  observed? 
I  Fa.  Tlie  ancients,  it  appear3,had  someideaof  it;  bntthey 
bad  made  no  calculation  of  its  qu&nlitj  or  of  its  action.  Tycba 
Brahe  was  the  first  who  settled  its  just  quantity;  but  he  at- 
tributed it  to  causes  since  found  to  be  erroneous,  Kepler  was 
equally  unioiccessful  in  his  inquiries.  It  was  not  till  after 
the  invention  of  the  barometer,  which  ascertained  the  r^ular 
decrease  of  density  of  the  atmosphere  upwards,  that  the  re- 
fractive power  of  the  atmosphere  was  proved  to  be  ejuctly 
in  proportion  to  its  density.  A  rny  of  light,  therefore,  parsing 
through  the  atmosphere,  does  not  describe  a  straight  Unft 
merely  broken  at  one  point,  a.i  is  the  case  with  any  object 
partly  imraeraed  in  water,  but  the  i-efractive  power  increase* 
ftt  every  point,  and  occasions  the  my  to  describe  a  cnrve. 

That  branch  of  Optics  peculiwly  ilJustratlTe  of  ft^rocluHv 


ii  called  Di^ptrict,  from  the  Gredc  tHoptron  (du*Tpgt>% 
"something  tnuBpareDt,"  which  u  derived  from  ^a{li»), 
"  through^"  and  optomai  (oxrofiat),  "  I  see." 


QUESTIONS  FOR  EIAHISATION. 


DD*h  hlehor  doc*  u 
■tipcw'  Uuu  It  mil; 

how  deep  will  H  i| 


—  Cwi  jtia  Judgo  of  iBiig. 


plilD  thli  b/  amu  of  Og.  *.  —  Dim 
Uie  ihb  CTtr  >ppru  to  be  in  thM  (at 
of  Ih«  bcmTou  In  wblch  IU»  r  —  To  tf» 
In1i>bituiu  of  1D7  put  at  tb*  eulh  ■■ 
the  tnu  ud  appanat  plao*  or  Um  mb 


CONVERSATION  V. 

rEFINITIONS— OP  THS  DIFFERENT  KIHDS  OF  LEK^BS 

OF   MB.   PABKEr's  BUBNING   lens,   ANr   THE 
EFFECTS    PRODUCED   BY   IT. 

Father,  I  muBt  now  call  your  attention  to  a  few  other  de- 
flnitioos;  the  Itnowledge  of  which  jou  will  require  as  we 
proceed. 

"A  PBKCii.  OF  bays"  is  any  nnmber  that  proceed  from  a 
point. 

"  PABALLEt.  rats"  are  such  as  move  in  parallel  -lines,  or 
those  always  at  the  same  distance  from  each  other. 

Ch.  That  is  something  like  the  definition  of  "parattet  Una' 
I  have  learnt  from  Kuclid.*  Bat  when  juu  admitted  the 
rays  of  light  through  the  email  bole  in  the  shutter,  thcj  did 
not  seem  to  flow  from  that  point  in  parallel  lines,  but  to  re- 
cede from  each  other  in  proportion  to  thdr  distance  froa 
that  point. 

Fa.  They  did:  and  when  they  do  thus 
recede  from  each  other,  as  in  this  figure, 
frometocd^  then  they  ore  said  tudi'tx^r.  e' 
But  if  they  continually  approach  towards 
Bach  other,  as  in  moving  from  c  d  to  e, 
they  are  said  to  converge.  t 

•  rH«IldUiwiinlbanirh]oh.bdBglnanItclruct«Dtl«a,ni 
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Ja.  What  does  the  dark  part  of  this  figure  represent? 
Fa,  It  represents  a  glass  lens ;  of  which  there  are  Beveral 

Ck,  What  do  you  call  a  lena.  Papa? 

Fa.  A  lefu  ie  a  piec-e  of  glass  or  other  Imnsparent  substance 
made  into  such  a.  form  as  to  collect  or  disperse  tlie  raj's  of 
light  which  pass  through  it.  Lenaea  take  their  names  from 
their  diSi'rent  shapes;  and  are  represented  here  in  one  view. 

-jR— ■ ^R — I M^        ^'e. 

A  is  such  a  one  as  that  in  the  last  figure,  and  it  is  called  a 
plano-convex,  because  one  side  \9,J{at,  or  plane,  and  the  other 


3  a  plajh 


one  side  being  Jlal  and  the  other 


c  in  a  double  convex  lent,  because  both  sides  ar 
i>  is  a  double  emteavr,  because  both  sides  are  ci 
E  is  called  a  meniscus,  being  convex  on  one  side  and  con- 
cave on  the  other,  and  whose  surfaces  would  meet  if  continued; 
of  this  latter  kind  are  all  watch-glasses. 

A  concavo-convex  lens  is  that  which  has  one  of  its  surfaces 
concave,  and  the  other  convex,  and  which  surfaces,  if  continued, 
would  never  meet. 

Ja.  I  can  easily  imagine  diverging  rays,  or  rays  proceeding 
from  a  point;  but  what  is  to  make  them  converge,  or  come  to 

Fa.  Look  again  to  the  figure  (fig.  6.)  a,  b,  m,  &c.,  represent 
parallel  raya,  falling  upon  a  eonvtJt  surface,  of  glass,  for 
instance,  all  of  which,  except  the  middle  one,  fall  upon  it 
obliquely,  and,  according  to  what  we  saw  yesterday,  will  be 
refracted  towards  the  perpendicular. 

Ch.  And  I  see  they  will  all  meet  in  a  certain  point  in  that 
middle  line. 

Fa.  That  point,  c,  is  called  the  focus:  it  is  only  the  dark 
k  port  of  this  figure  that  represents  the  glass  as  c,  d,  n, 

Ck,  Have  you  drawn  the  circle  to  show  the  exact  curve  ot 
be  different  lens? 


Fig,  8. 


HOB  oPTioa. 

Fa.  Yes:  sni]  you  see  that  parallel  rays  falling  npoa  ■ 
plano-convex  lens  (fig.  (j.)  meet  at  a  point  behind  it;  the  dis- 
tance of  wliich  from  the  middle  of  tbe  gluss  is  exactly  equal 
to  tlic  diameter  of  the  sphere  of  which  the  tens  is  a  portaon. 

Ja.  And  in  the  cuse  of  a  double  convex, 
u  the  distance  of  the  focus  of  pumllel  rajs 
cqaal  only  to  the  radius  of  the  sphere. 

Fa.  It  is:  and  you  see  the  reason  of  it 
immediately;  for  two  concave  surfaces 
have  double  tbe  effect  in  refracting  rays 
that  B  single  one  has;  the  ^tfcr  bringing 
them  to  a  fi«us  at  the  distance  of  ihe  diameter;  the  former  at 
half  that  distance,  which  is  the  mdius. 

C&.  Sometimes,  perhaps,  tlie  two  sides  of  the  same  lens 
may  have  diiTeretit  curves.     What  is  to  be  done  then? 

Fa.  If  you  know  the  radius  of  both  the  curves,  the  follow* 

!5  or  convexitiea  it 
to  the  radius  of  either,  so  is  double  the  radius  of  the  olfaer  to 
the  distance  of  the  focus  from  the  middle  point." 

Ja.  Therefore,  if  one  radius  he  four  inches,  and  the  other 
three  inches,  then,  as  4 4-3  : 4  :  :  6  :  V  ^=  ^t-  °^  '^  nearir 
three  inches  and  a  half.  I  saw  a  gentleman  lighting  his  ciMf 
yesterdny,  by  means  of  the  sun's  rays  and  a  glass.  Waa  th^ 
■  double  convert  lens? 

Fa.  I  suppose  it  was:  and  you  now  see  the  reason  of  wlM 
you  then  could  not  comprehend.  All  the  rays  of  tbe  sun  «li«^ 
fiUl  on  the  surface  of  the  glass  (see  Sg.  S.)  are  collected  ia 
the  pointy,  which  in  tliis  case  may  represent  the  top  of  tta 
cigar. 

The  rays  may  be  collected  by  reflection  or  refraction)  liy 
reflection,  the  rays  fall  on  a  concave  looking-gksa  whidi  m 
oalled  a  mirror,  or  on  a  concave  refiector  of  brightly  polighed 
metal,  which  is  called  a  tpeculunt:  the  method  we  have  jut 
been  describing  is  that  by  refraction. 

Ch,  How  do  yoQ  calculate  the  heat  which  is  collected  in 
the  focuB? 

Fa.  The  force  of  the  heat  collected  in  the  focus  ia,  in  pnj. 
portion  to  tbe  ordinary  heat  of  the  sun,  as  the  area  of  the  gl^ 
ia  to  the  ares  of  the  focal  circle:  of  course  it  may  be  s  huB<b«d 
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or  even  a  thousand  times  greater  in  the  one  case  than  in  the 
other. 

Ja.  Have  I  not  lieArd  jou  say  that  a  very  large  lens  in- 
deed was  once  used  as  a  burning  glass? 

Fa.  Yes ;  I  Lave  beard  of  one  three  feet  in  dinmeter,  made 
of  flint  glass,  and  3|  inches  thick;  when  fixed  in  its  frame,  it 
exposed  a  clear  surface  of  more  ilian  two  feet  eight  inches  in 
diameter;  its  focal  distance  was  sis  feet  eight  inches,  and  its 
weight  2121b3.;  and  its  focus,  by  means  of  anotlier  lens,  13 
inches  in  diameter,  was  reduced  to  a  diameter  of  half  an  inch. 
The  heat  produced  by  tliis  was  so  great,  that  iron  plates  were 
melted  by  it  in  three  seconds;  tiles  and  slates  became  red- 
llot  in  a  moment,  and  were  vjtriiied;  salpbur,  pitch,  and  other 
resinous  bodies  were  melted  underwater;  and  ashes  of  wood 

d  other  vegetable  substances  were  turned  in  a  moment  into 
<  touisparent  glass. 

Ck.  Would  the  heat  produced  by  it  melt  all  the  metals? 

Fa,  It  would:  even  gold  was  rendered  fluid  in  a  few  se- 
conds. Notwithstanding,  however,  this  intense  heat  at  the 
focus,  the  finger  might,  without  the  smallest  injury,  be  placed 
in  the  cone  of  rays  within  an  inch  of  the  focus? 

Ja.  I  suppose,  however,  that  some  danger  would  be  in- 
curred if  tlie  finger  were  brought  too  near  the  focus. 

Fa.  The  curiosity  of  Mr.  Parker,  who  was  the  ingeniooa 

maker  of  this  burning-glass,  led  him  to  try  what  the  sensa- 

ti(H)  would  be  if  he  touched  the  focus:  and  he  described  it  as 

iiinilar  to  that  produced  by  a  sharp  lancet,  and  not  at  all  like 

f  She  pain  produced  by  the  heat  of  tire  or  a  candle.  Substances 

^  of  a  white  colour  were  not  easily  acted  on.     This  glass  of 

I   Mr.  Parker's   was   carried   to  Cliina  by  an  officer    in    Lord 

Uscartney's  embassy,  and  left  nt  Pekin. 

Ck.  I  suppose  he  could  make  water  boil  in  a  very  short 
ime  with  the  lens? 

Fa.  If  the  water  be  very  clear,  and  contained  in  a  clear 
[  glass  decanter,  the  water  will  not  be  warmed  by  the  most 

runerful  lens;  but  a  piece  of  wood  contained  in  it  may  be 
amt  to  a  coal. 

Ja.  WiU  not  the  heat  break  the  glass? 
Fa.  It  will  scarcely  warm  it.     If,  however,  a  piece  of 
Knetal  be  put  in  the  water,  and  the  point  of  rays  be  thrown  oa 
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thftt,  it  will  communicate  heat  to  the  water,  and  somethiiQa 
make  it  boiL  The  same  effect  will  be  produced  if  there  be 
some  ink  thrown  into  the  water. 

If  a  cavitj  be  made  in  a  piece  of  charcoal,  and  the  sob- 
stance  to  be  acted  on  be  put  in  it,  the  effect  produced  hj  the 
lens  will  be  much  increased.  Anj  metal  thus  inclosed  melts 
in  a  moment;  and  the  fire  produced  resembles  that  of  a  forge 
fiercely  blown  by  the  bellows. 

I  dare  say  you  were  at  first  surprised  that  such  a  small 
luminous  spot  as  that  described  by  the  experiment  should  con- 
tain so  much  heat  as  to  melt  metals  and  cause  water  to  boil; 
but  Imving  considered  the  principles  on  which  it  is  prodooedp 
you  will  find  that,  in  all  cases,  the  degrees  of  heat  collected  by 
seyeral  glasses  are,  in  proportion,  compounded  of  their  aar- 
faces  directly y  and  the  squares  of  their  focal  distances  recipro- 
cally. The  burning  spot  is  the  spedirum  or  picture  of  the 
sun,  fenced  by  a  convex  glass  held  parallel  to  its  disk,  which, 
by  means  of  the  several  pencils,  contracts  all  the  rajs  that 
pass  through  it  into  that  small  compass. 

CA.  Who  invented  the  burning-glass? 

Fa,  It  is  not  exactly  known;  the  method,  however,  of  thus 
producing  heat  is  of  great  antiquity,  for  Archimedes  is  said 
to  have  burned  the  Roman  fieet  when  in  the  harbour  of 
Syracuse,  by  means  of  mirrors.  The  truth  of  this  has  been 
doubted;  but  yet  we  read  of  Buffon,  in  the  middle  of  the 
eighteenth  century,  setting  fire  to  planks  of  wood,  ioO  feet 
distant,  by  means  of  168  mirrors,  each  about  six  inches 
square. 


QUESTIONS  FOK  EXAMINATION. 


What  do  you  mcim  by  a  pendl  of 
rays?  —  What  are  parallel  rays?  — 
What  is  meant  by  diverging  and 
converging  rays? — What  is  a  lens? 

—  How  many  kinds  of  lenses  are  there, 
and  what  are  their  names  ? —  What  is 
the  focus  ?  —  Where  do  parallel  rays 
fUling  upon  a  plano-convex  lens  meet  ? 

—  Where  do  they  meet  in  a  double 
oooTez  ?-»  What  is  the  reason  of  it  ?  — 
— Canyon  tell  me  the  role  tor  findm^  . 


the  focus  if  the  two  sides  of  a  doofalt 
convex  arc  of  different  cunres  ?  — 
What  is  the  principle  of  the  baming^ 
glass? — Do  you  know  how  to  caks- 
late  the  force  of  the  heat  collected  to 

the  focus  of  a  burning-glass  ? What 

was  the  size  of  Mr.  Parker^  lena?  — 
What  effects  were  prodnced  bj  itf — 
Are  white  substances  and  water  earily 
affected  by  the  lens. 


BATS — OF  THK 
DIBTANCXa. 

Charles.  I  have  been  looking  ut  the  figures  6  and  9,  and 
I  He  that  the  raya  tailing  upon  the  lenses  ore  poratlel  to  one 
[  •Rother.     Are  the  sun's  rnys  parallel  ? 

Fa.  They  nre  considereU  so:  but  you  must  not  suppose 
that  all  tlie  rnys  which  come  to  tliB  eye  from  the  surface  of 
an  object,  such  as  the  sun  or  nny  other  body,  are  parallel  to 
each  other;  but  it  must  be  understood  of  those  rays  only 
which  proceed  from  a  single  point.  ^ 
Suppose  a  to  be  the  sun;  the  raya  j 
which  proceed  from  a  single  point,  a, 
do  in  reality  form  a  cone;  the  bate  of    "  **'  '"  " 

which  is  the  pupil  of  the  eye,  and  its  height  is  the  distance 
from  U3  to  the  sun, 

Ja.  But  the  breadth  of  the  eye  is  nothing  when  compared 
to  a  line  ninety-five  miUions  of  milea  lung. 

Fa.  Anil  for  that  reason  the   various   rays  tlmt  proceed 
from  n  single  point  In  the  sun  are  considered  as  parcel,  be- 
cause their  inclination  to  etich  other  is  insensible.     Tlie  same 
may  bo  said  of  any  other  point,  as  c.    Now,  all  the  rays  that 
can  admit  by  means  of  a  small  aperture  or  hole,  must  pro- 
i  from  an  indefinitely  small  point  of  the  sun;  and  there- 
Ejbre  they  are  justly  considered  as  parallel. 

e  take  a  ray  from  the  point  A,  and  another  from 

L<|,  on  opposite  points  of  the  sun'a  disk,  they  will  form  a  sen- 

Edible  angle  nt  the  eye;  and  it  is  from  this  angle,  a  ec,  that 

«  judge  of  the  apparent  size  of  the  sun,  which  is  about  half 

Ift  degree  in  diameter. 

Oi.  Will  the  size  of  the  pupil  of  the  eye  make  any  differ- 
nce  with  regard  to  the  appearance  of  the  object? 

Fa.  The  lai'ger  the  pupil,  the   brighter  will  the  object 

Ippear;  because  in  proportion  to  the  size  will  be  the  number 

l<(f  rays  it  will  receive  from  any  single  point  of  the  object.     I 

niiiBh  you  also  to  .'emember  what  I  have  told  you  before,  that, 

VheBflvei  the  appearance  of  »  given  object  ia  rendered  larg(~ 
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and  brigliter,  we  alwa^ra  imagine  that  tlie  object  is  nearer  to 
us  than  it  reidly  is,  ur  tiiau  it  ap|iears  to  be  at  other  limes. 

Ja.  If  there  be  nothing  to  receive  the  raja  (fig.  8)  atj^ 
would  they  cross  one  another  and  diverge? 

Fa.  C^tainlj;  in  the  sune  manner  as  thej  converged  in 
coming  to  it;  and  if  another  ghies,  FO,  of  the  same  convexitf 
as  s  E,  be  placed  in  the  rays  nt  the  same  distance  from  the 
focus,  it  will  so  refract  them,  tliat,  after  going  out  of  it,  they 
will  be  parallel,  and  so  proceed  in  the  same  manner  as  tltej 
came  to  the  first  glass. 

Ch.  There  is,  however,  this  difference:  that  all  the  rays, 
except  the  middle  one,  have  changed  sides. 

Fa.  You  are  right:  the  ray  B,  which  entered  at  bottom, 
goes  out  at  the  top  b  ;  and  a,  which  entered  at  the  top,  goei 
out  at  the  bottom  c ;  and  so  of  the  rest. 

If  a  candle  be  placed  at  ./I  the  focuaof  the  convex  gloss,  the 
diverging  rays  in  tlie  space^/'FO,  will  be  bo  refracted  by  thn 
gloss,  that,  after  going  out  of  it,  they  will  become  parallel 

Ja.  What  will  be  the  effect  if  the  candle  be  nearer  to  the 
glass  than  the  point/? 

Fa.  In  that  cose,  if  the  candle  be  at  ^  the 
raya  will  diverge  after  they  have  passed 
through  the  glass,  and  the  divergency  will  be 
more  or  less  in  proportion  to  the  distance  of 
the  candle  from  the  focus. 

Ch.  If  the  candle  be  placed  farther  from 
the  lens  than  the  focus  f,  will  the  rays  meet 
in  a  point,  after  they  have  passed  through  it? 

Fa.  They  will.     Thus,  if  the  candle  be 
placed  at  g  the  rays,  after  passing  the  lens,   ||, 
will  meet  in  x;  and  this  point,  x,  will  be   ' 
more  or  less  distant  from  the  glass,  as  the 
candle  is  nearer  to,  or  farther  from  its  focus- 
Where  the  rays  meet  they  form  an  inverled  '"'<■  "■ 
image  of  t)ie  flame  of  the  candle. 

Ja.  Why  so? 

Fa.  Because  that  is  the  point  where  the  rays,  if  they  arg 
not  stopped,  cross  each  other.  To  aatidy  you  on  this  head 
I  will  hold  in  that  point  a  sheet  of  paper;  and  you  now  W* 
Jhat  the  flame  of  the  c&ndle  b  inverted. 
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Thismay  beesplftined  in  the 
follnwiug  manner:  let  a 6c  re- 
present BO  arrow  placed  beyond 
the  focus  ff  of  A  double  convex  , 
lens,  d  ef,  some  raj-a  will  flow 
from  every  part  of  ihe  arrow, 
and  fnll  on  the  lens:  but  we  shall  Fig.  u. 

consider  only  thuse  which  flow 
from  the  points  a,  b,  and  e.  The  raya  which  come  from  a,  aa 
ad,  a  e,  and  af,  will  be  refracted  by  tlie  lens,  and  meet  in  a; 
tho8e  which  come  from  b,  aa  b  d,  b  e,  and  bf,  will  unite  in  b; 
and  those  which  come  from  c  will  unite  in  c. 

Ck.  I  see  clearly  how  the  raja  from  b  ore  refracted,  and 
unite  in  b;  but  it  is  not  so  evident  with  regard  to  those  from 
the  extremitiea  a  and  c. 

Fa.  I  admit  it:  but  yon  must  remember  the  difficulty  con- 
sists in  this:  the  rays  fall  more  obhquely  on  the  glass  from 
those  points  than  itota  the  middle;  and  therefore  the  refrac- 
tion is  very  different.  The  ray,  bg,  in  the  centre,  suffers  no 
refraction;  Id  is  refracted  into  b;  and  if  another  ray  went 
from  i,  aa  id,  it  would  be  retracted  to  i  aomcwhere  between 
B  and  A,  and  the  raya  from  a  must,  for  the  aame  reason,  be 
refracted  to  a. 

■7a.  If  the  object,  a  6  r,  be  brought  nearer  to  the  glaea, 
will  the  picture  be  removed  to  a  greater  distance? 

Fa.  It  will:  for  then  the  niys  will  fall  more  dive rgingly 
upon  the  glass,  and  cannot  be  so  soon  collected  into  the  corre- 
sponding points  behind  it. 

Ck.  From  what  you  have  said,  T  understand  that  if  the 
object,  a&e,  be  placed  in  g,  the  rays,  after  refraction,  will 
go  out  parallel  to  one  another ;  and  if  brought  nearer  to  the 
glass  than  g,  then  they  will  diverge  from  one  another;  so 
tliat,  in  neither  case,  an  image  will  be  formed  behind  the  lens. 

Ja.  To  form  an  image,  must  the  object  be  beyond  the 

Fii.  It  must:  and  the  pictore  will  be  loiter  or  smaller  than 
the  object,  as  its  distance  from  the  glass  is  greater  or  less 
than  the  distance  of  the  object:  i£  abc  (fig.  1'2)  be  the 
object,  c  B  A  will  he  the  picture ;  and  if  c  b  a  be  the  object, 
abc  will  be  the  picture. 

Ch.  Is  there  any  role  to  find  the  distance  of  tlie  ^cMas« 
from  the  glass? 


4IS 

Fa.  If  TOO  know  tbe  focal  distuiM  of  the  glMl,  and  Al 
diatonra  of  the  olgect  fiwm  the  glen,  the  rule  is  this: 

"  Moldplf  the  distuice  of  the  fbotuby  thadisUuioe  of  Aa 
object,  and  diride  the  prodnct  bjr  thdr  dificrenca;  the  qno- 
tinit  ii  the  distance  of  the  pictttre." 

Jo.  If  the  focal  distance  of  the  glaas  be  7  inches  and  Ite 

object  be  9  inchea  from  the  lens,  then   — —  ^  —  ^  81( 

inches :  of  conrse,  the  picture  will  be  yvef  mnch  lai)ger  thaa 
the  object:  for,  as  jon  have  aaid,  the  pictnre  is  aa  mnA 
laiger  or  smaller  than  the  object  as  its  distance  front  the  ^Mi 
is  greater  or  less  dian  the  distance  of  the  o)^ecL 

Fa.  If  the  focus  be  sevoi  inches  and  Uie  object  at  tiw 
distance  of  17  inches,  then  the  distance  of  the  picture  willba 

7  X  17       119 
fijond  thus      _      =  —  «_  ]2  mches  nearly. 
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QUESTIONS  FOB  EXAHINATIOIT. 


DoM  tliB  nugnltiide 

or  tb.  papU  of 

th>«rt 

mrttMiydlBm 

mnwltlinrud 

to   tba 

the   o««Jtt— 

Whit  (Act  doM  thB 

musitnl*  ud 

tharv 

pudng  through  ■  doiMi  Con- 

u tht  Ibeii*.  whit  will 
pen  IT  tiMre  la  ngtblng  to  nodre 
1  thanr  —  ynat,  effect  will   be 


B  )■  plaoed  la  tte 


pndBCeil  If  B  M 

Dmui  of  t  doable  DODTgE  leni  r — Wht 
will  be  Ibe  bSM  If  It  be  pat  acBitrtt 
OirtlUT  ftoni  tho  lou  tfaia  tlu  »—* 
— Wbat  li  tbB  euue  of  aa  tnrarW 
Iniig*  ? —  Csa  you  uplaln  thi.  |^  if, 
11?  — What  la  tbemloftirfiodtBKtti 
dlatuioe  of  tbB  ploinro  from  th«  gl^F 


CONVERSATION  VIL 


Janut.  Will  the  image  of  a  candle,  when  receiTed  thtoo^ 
a  convex  lens,  be  inverted? 

Fa.  It  will,  as  you  shaU  see.  Here  is  no  light  in  tba 
room  but  from  the  candle,  the  rays  of  which  pass  through  i 
coDTez  lens;  and,  by  holding  a  sheet  of  paper  lo  r  prxnia 
posidoii,  yon  will  see  a  complete  inverted  image  of  tlie  candb 
on  it 

An  object  seen  through  a  very  small  aperture  appeal 
Bbo  inverted  but  it  is  Tery  imperfect  compand  with  id 
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image  formed  with  the  lens:  it  isjatnt  for  want  of  light;  and 
it  ia  copfused  hccauae  the  rays  interfere  with  one  another. 

C/t.  What  is  the  reason  of  its  being  inverted  ? 

Fa.  Because  the  rays  from  the  eitreme  parts  of  the  ob- 
ject must  cross  at  the  hole.  If  you  look  through  a  very  small 
hole  at  any  object,  the  object  appears  mngnifieil.  Make  a 
pin-hole  in  a  sheet  of  brown  paper,  and  look  iLruugb  it  at  the 
small  print  of  this  book. 

Ja.  It  is,  indeed,  very  much  magnilied. 

Fa.  As  an  object  approaches  a  convex  tens,  its  image  de- 
parts friim  it;  and  as  the  object  recedes,  its  imago  advances. 
Make  the  experiment  with  a  <:andle  and  a  lens,  properly 
mounted  in  a  long-  room:  when  you  stand  at  one  ei.J  of  the 
room,  and  throw  the  image  on  the  opposite  wall,  the  injage 
is  large,  but  as  you  come  nearer  the  wall,  the  image  is  Biiie.ll. 
and  the  distance  between  the  candle  and  glass  is  very  much 
increased. 

I  will  now  show  you  an  Jnatrument,  called  a  "Scioplric 
Ball,"  which  is  fastened  into  n  window-shutter  in  a  room 
from  which  all  liglit  is  excluded  except  what  comes  in  through 
this  glass. 

C/i.  Of  what  does  tlus  instrument  consist?  and  what  a 
eurious  appellation  you  have  given  it. 

Fa.  It  consists  of  a  frame,  a  b,  and  a  ball  of  wood,        ^J^ 
c,  in  which  is  a  glass  lens;  and  it  is  so  adjusted  that    c_j 
the  hall  moves  easily  in  the  frame  in  all  directions;   U  ^ 
that  the  view  of  any  surrounding  object  may  be  re-     i^-J 
ceived  through  it:  it  derives  its  name  from  two  Greek 
wordK,  (eta  (nia),  "  a  shadow,"  and  aptomai  (trn 
,»,),  «Ivi«w." 

Ja.  Do  you  screw  this  frame  into  the  shutter? 

Fa,  Yes:  a  hole  is  cut  in  it  for  that  purptose;  and  there 
are  little  brass  screws  belonging  to  it,  such  as  that  marked  », 
"When  It  is  fixed  in  its  place,  a  screen  must  be  pla(^  at  a 
proper  distance  from  the  lens,  to  receive  images  of  the  objects 
out  of  doors.  This  instrument  is  sometimes  called  an 
Artificial  Eye. 

CA.  In  what  respects  is  it  like  the  eye? 

Fa,  The  frame  has  been  compared  to  the  socket  in  which 
the  eye  moves,  and  the  wooden  ball  to  the  whole  globe  of  the 
^e;  the  hole  in  the  ImU  represents  the  pupil;  the  convex 


Fig.  ID. 


laM  oofTaspoDds  to  tbe  erjttaJ^na  hmaaart  nd  Ab  menm 
maj  be  compwed  widi  the  retuL  ThoMtennelirillaxpUA 
to  Tou  hj  and  bj*. 

Jo.  llie  ball,  bj  tnming  in  ell  diractioai;.  ia  wy  liks  At 
eje;  for,  without  moring  mj  head,  I  an  look  od  nQ  lAfc^ 
and  opwards  aad  downwuda. 

Ia.  Well:  we  will  now  place  the  scrcoi  propcriy,  and  ton 
the  ball  to  the  garden.  Here  yon  see  a&  th«  o^aot*  inm  rmW 
represented. 

Ja.  But  the^  are  all  inverted. 

Fa.  Thatia  the  great  defect  of  this  inatnnnent;  trat'I  wil 
tell  Ton  how  it  nuiij  be  nmediad.  Take  a  loaUf^f^aaa,  ^d 
hold  it  before  yen  with  iti  ftee  tnwaida  the  inatarB  en  Ika 
aoeen,  and  inclining  a  litde  downwardly  aad  tba  hn^)ii  w3i 
^pear  erect  in  tbe  glaas,  and  aren  brighttr  than  they-  w 
on  tfaBBcreea. 

Ch.  You  have  shown  na  in  what  maimer  the  nja  of  B^ 
are  refracted  by  ccmvex  lenses  whea  those  rajs  are  p^ilW 
Will  there  not  be  a  diffenmce  if  tbe  rays  eoMverge  or  dlreciys 
before  they  enter  the  lens? 

Fa.  Certainly:  if  rays  etrntMn^e  before  they  enters  ooaw 
leoB,  they  will  be  collected  at  a  point  luartr  to  the  lens  tlsB 
the  focus  of  parallel  rays:  bat  if  they  tSvtige  before  ther 
enter  the  lens,  they  will  then  be  collected  in  a  pmnt  btgomi 
the  focus  of  parallel  rays. 

There  are  concave  as  well  as  convez  lenses;  and  dw  t^ 
fraction  which  takes  place  by  means  of  these  diffara  &o^  rii^ 
which  I  have  already  explained. 

Ch.  What  will  the  effect  of  refraction  be  when 
ruys  fall  upon  a  double  concave  lens? 

Fa.  SuppoBetbeparallelray8(i,&,(Vff, 
&&,  pus  ttutiiigh  the  lens  a  b,  they  will 
diverge  after  they  have  passed  throogh 
the  glass. 

Jd.  Is  there  any  role  for  ascertaining 
tbe  degree  of  divergency? 

Fa.  Yes;  it  will  be  precisely  so  much  "ai*. 

as  if  the  rays  had  come  from  a  radiant  point,  x,  whicb  ia  As 
cantre  of  the  concavity  of  the  glass. 

CM.  Is  that  point  called  the  focns? 

Rl  it  is  caUod  tlu  airAiaf  or  magimarjf/oeiu.    Thm  Ai' 
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ray  a,  after  passing  through  the  glass  AD,  will  go  on  in  the 
direction  t/h,  ns  if  it  had  come  from  the  point  ;i,  and  no  gloss 
hod  been  in  the  way;  the  raj  /*  would  proceed  in  the  directiou 
mtt,  and  the  ray  e  in  the  direttion  rs,  and  so  on,  ITie  vay 
ex,  in  tlie  centre,  aoffere  no  refraction,  but  proceeds  precisely 
06  if  no  glass  had  been  in  the  Wiky. 

Ja.  Suppose  the  lens  had  been  concave  on  one  side  only 
and  the  other  side  had  been  flat:  how  would  the  rays  have 
diverged? 

Fa.  They  would  ha^'e  diverged,  after  passing  through  it, 
u  if  they  had  come  from  a  radia-ot  point  at  the  distance  of  a 
irhole  diameter  of  the  convexity  of  tbe  leos. 

CA.  There  is,  consequently,  »  great  similaiity  in  tlie  re- 
'  ftnction  of  the  convejc  and  concave  ieas. 

Fa.   Ye»i  the  focus  of  a  double  convex  lens  b  at  the  dia- 

\  tonue  of  the  radius  of  convexity,  and  so  is  the  imaginary J'octu 

sf  the  double  concave;  and  the  focut  of  the  plano-convex  is 

It  the  distance  of  the  diameter  of  the  cooveuty,  and  so  iii  the 

" \mag'majy  focui  of  the  plano-coticave. 

You  will  find  that  images  formed  by  a  concave  lens,  or 

'  those  formed  by  a  convex  lens,  Khere  the  object  is  icithin  its 

principal  focus,  are  in  the  same  position  with  the  objects  they 

^Tepreseni:  they  are  also  imaginary;  for  the  refracted  rays 

\  never  meet  at  the  foci  whence  they  seem  to  diverge. 

But  ihe  images  of  objects  placed  beyond  the  focus  of  a  con- 
yvK  lens  are  inverted,  and  rfal;  for  the  refracted  rays  meet 
■t  their  proper  fod. 


Q01:3TIOS3  FOR  ESAMINATIOK 


Hmr  1<  It  known  tl 


doetd  ?— Wluit  Is  the  idoptrto  b 

\X  urmpuvd  to  lb«  (yp  ? —  Whmt  ii ' 
chlcT  delfnt  in  the  ■doplric  t«]]  ? 


CONYEBSATION  VIIL 

<W  TBI  MATUKB  AMD  ASVAmAasa  OF  LIOBT  —  OV  TUB 
SUASATIOIf  OF  THS  SATS  OF  UOUT  ST  MKANS  OT  A 
PBIBH  — AKD  OF  COHPODKD   RATS,   &C 

Fatk^'.  Wflcaimot  oontempbte  the  nature  cf  light  withont 
beingBtrack  with  the  great  advuitagM  which  m  exqor  fhm 
it.  Without  that  blessing  our  condition  would  be  tarul^  de> 
plonble. 

Ja.  But  yon  have  told  ua  that  the  light  would  be  of  oob- 
parativ^  unall  advantage  without  an  atanoapSi^re, 

Fa.  The  atnMwphere  not  onlj  nfraett  the  rays  of  li^i^  n 
that  we  eqjoy  longer  daya  than  we  ahould  witboat  it,  bitf 
occaiiona  that  twilight,  which  is  so  beneficial  to  our  eyet;  fir 
vrithont  it  the  appearance  and  disHppearance  of  Uie  sob 
would  have  been  inslantaneouB;  and  in  every  twenty-four 
faoura  we  should  have  experienced  a  sudden  transition  from 
the  brightest  sunshine  to  the  most  profound  darkness,  and 
from  thick  darkness  to  a  blaze  of  light. 

Ck.  I  know  how  painful  that  would  be,  fi-om  having  slept 
in  a  very  dark  room,  and  having  suddenly  opened  the  afauttoi 
when  the  sun  was  shining  extremely  bright' 

Fa.  The  atmosphere  reflects  also  the  light  in  evety-  di- 
rection; and  if  there  were  no  atmosphere,  the  sun  would  benefit 
those  only  who  looked  towards  it;  and  to  those  whose  backs 
were  turned  to  that  luminary,  it  would  all  be  darknt-ns. 

Ja.  I  saw,  in  some  of  your  experiments,  that  the  mys  of 
light,  after  passing  through  the  glass,  were  tinged  with  dif- 
ferent colours.     What  is  the  res-'^on  of  that? 

Fa.  Formerly,  light  was  supposed  to  be  a  simple  and  nn- 
compounded  body.  Sir  Isaac  Newton,  however,  discovered 
that  it  was  not  a  simple  substance,  hut  composed  of  Bereft 
parts;  each  of  which  has,  in  iact,  a  different  degree  of  refnue 
gibility,  or  disposition  to  be  turned  out  of  its  natural  couiWh 
by  passing  out  of  one  medium  into  another. 

Ch.  How  is  that  to  be  observed? 

Fa.  Let  the  room  be  darkened;  and  only  a  very  small  hole 
open  in  the  shutter  to  admit  the  sun's  rays:  Instead  of  a  len^ 
I  will  take  a  triangular  piece  of  glass,  called  a  prinrt :  now,  M 
ill  tlui  there  is  noting  to  bring  the  rays  to  a  focus,  they  ynS, 
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in  passing  tbrough  it,  suiFer  difiereiit  degrees  of  refraction, 
and  be  separated  into  the  different  coloured  rays,  which,  if  re- 
ceived on  a  sheet  of  white  paper,  will  exhibit  the  seven  follow- 
ing colours:  red,  orange,  yeliow,  green,  blue,  indigo,  and  violet. 

Ja.  Here  are  all  the  colours  of  the  nunbow !  but  the  image , 
on  the  paper  is  a  sort  of  oblong. 

Fa.  That  oblong  image  is  usually  called  a  gpeclrum;  and 
if  it  be  divided  into  360  equal  parts,  the  red  will  occupy  45 
of  thera,  the  orange  27,  the  yellow  48,  the  green  and  the  blue 
60  each,  the  indigo  40,  and  the  violet  80.  This  ex]}eriinent 
effects  what  is  called  the  decomposition  of  light. 

CA.  The  shade  of  ditTei'eiice  in  some  of  these  coloui's  seems 
very  small  indeed. 

Pa.  You  are  not  the  only  person  who  has  made  tliia  ob- 
aei'vation.  Some  experimental  philosophers  say  that  there 
are  but  three  original  and  truly  distinct  colours — viz.,  the  red, 
yellow,  and  blue. 

Ck.  What  is  called  the  orange  is  surely  only  a  mixture 
of  the  red  and  yellow,  between  which  it  is  situated. 

Fa.  In  like  manner  the  green  is  said  to  be  a  mixture  of 
the  yellow  and  blue;  and  the  violet  is  but  a  fainter  tinge  of 
the  indigo. 

Ja.  How  is  it,  then,  that  light,,  which  consists  of  several 
colour?,  is  usually  seen  as  white? 

Fa.  By  mixing  tlie  several  colours  in  due  proportion,  white 
may  bo  produced. 

Ja.  Do  you  mean  to  say  that  a  mixture  of  red,  orange, 
yellow,  green,  blue,  indigo,  and  violet,  in  any  proiwrtion,  will 
produce  a  white? 

Fa.  Jf  you  divide  a  circular  surface  into  360  parts,  and 
then  paint  it  in  tlie  proportion  just  mentioned  (that  is,  45  of 
the  part*  red,  27  orange.  48  yullow,  &c.)  and  turn  it  round 
wilh  great  velocity,  the  whole  will  appear  of  a  dirty  wliite) 
and  if  the  colours  were  more  perfect,  the  white  wjuld  be  more 
comjiletely  so. 

Ja  Was  it,  then,  owing  to  the  separation  of  the  diiTerent 
rays  that  I  saw  the  rainbow  colours  about  the  edges  of  the 
imago  made  with  the  lens? 

Fa.  It  was.  Some  of  the  rays  were  scuttered,  and  not 
brought  to  a  foctw;  and  these  were  divided  in  the  course  of 
rdraction.    And  I  may  tell  you  now,  though  I  shall  not  ex- 
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pMa  H  «e  present^  Ihst  tlia  ndnbow  U  ceased  hj  ttm 
tkm  of  the  ra/s  of  light  into  their  component  puta. 
-  J(B,  What  colour  is  most  reflected  hj  the  air  ? 

FtL  Blue,  and  therefore  it  abtorhe  the  red,  orange^ 
.yilloir  more  copionslj  than  the  other  rajs* 

Ja,  Is  black  a  coloar  ? 

Fa.  Not  property.  It  is  black  because  it  does  not  reflect 
but  abeorbs  all  rajs  of  light  that  fall  upon  it.  Black  hats  are 
not  so  comfortaUe  as  white  ones  in  hot  climates,  becanae  the 
keat  which  accompanies  the  sun's  luminous  rajs  ia  also  ab- 
sorbed bj  the  black  surface. 

Jb.  Whj  are  white  hats,  or  dodung,  preferable  in  kit 
climates? 

Fa,  Because  white  reflects  the  light 

QUESTIONS  FOB  XXyLXnTATIOir. 

Of  whAtadTtntaipeiBthe  Atmotphere  ;  eaa  a  nj  of  light  be  dhrlded?— >Wlnt 
ai It  Ktpecto  light? — Would  not  the  I  le  the  oblong  tpeetnim  oa  whMi  tbm 
— Sdaa  tnuiflltiooi  flrom  light  to  dark-  I  ooloon  are  painted  called  f — HaT«  all 
neM,  and  the  reverte,  be  Tery  incon-  !  phiiotophen  admitted  oi'iieTen  coloais 
Tenient? — How  should  we  be  benefited  In  the  rays  of  light?— Can  white  be 
bgrthesonirthere  were  noatmoef^ne?  .  prodoeed  by  mixing  the  other  ooloon? 
•—It  light  a  eimpk  or  a  compoinHl  — In  what  manner  is  that  dona?— 
tnbetanoe  ?  —  Into  how  many  colours    How  is  the  rainbow  caused  ? 


CONVERSATION  IX. 

OF  COLOURS. 

Charles,  I  am  now  anxious  to  know  the  cause  of  different 
eolours.  The  cloth  on  this  table  is  green;  and  that  of  which 
ay  coat  is  made  is  blue.  What  makes  the  difference  in  these? 

Fa.  1  explained  to  you  that  white,  or  ordinary  light,  waa 
eomposed  of  several  colours,  and  that  when  these  entered  the 
«ye^  in  proper  proportion,  the  sensation  or  impression  produced 
was  white;  hut  if  any  of  these  coloured  rays  are  absorbed  or 
decked  by  any  surface,  the  remainder  continue  their  course^ 
and  appear  of  that  colour  which  arises  from  the  mixture  of  tlia 
unchecked  rays.  You  will  also  recollect  I  told  you  that,  accord- 
ing to  the  undulat<^  theory,  light  consisted  of  the  particles  of 
an  ether  in  a.  state  of  undulatory  or  wavy  motion.  Hence,  if 
the  undulations  of  which  some  of  the  colours  arecomposed  should 
interfere  with  or  check  each  other,  these  would  be  no  longer 
apparent,  and  only  those  would  reach  the  eye  which  continuo 
their  course.  IshaUgiveyouaniUuj»tnUionof  tiii^  proMUiily, 
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Ja.  Is  H  from  the  reflected  n>y>  tlifit  we  judge  of  tbe 
colour  of  objects? 

Fa.  It  Im.i  generally  been  thought  flo.  Thus  the  cloth  tM 
the  table  abnorbs  all  tbe  raya  but  tlie  green,  which  it  reftedv 
to  the  eve;  but  your  coat  i^  of  a  difierent  nature,  as  to  it* 
colour,  and  absorbs  all  but  the  blue  rays. 

Ch.  Why  ore  paper  and  anow  white? 

Fa.  The  whiteness  of  paper  is  ocCMJoned  by  its  reflecting 
tbe  greatest  part  of  all  the  rays  that  fall  upon  it;  and  every 
flake  of  snow,  being  an  assemblage  of  frozea  portitiles  of 
water,  reflects  and  refracts  the  mya  of  light  that  fall  upon  it 
in  all  directions,  so  as  to  mix  them  very  intimately,  and  pro- 
duce a,  white  impression  on  the  eye, 

^Ja.  Does  the  whiteness  of  the  sun's  light  arise  from  a 
mixture  of  oil  the  primary  colours? 

Fa.  It  does;  as  may  be  easily  proved  by  on  experiment: 
for,  if  any  of  the  seven  colou»  be  intercepted  at  tbe  lens,  the 
innge  io  a  great  measure  loses  its  whiteness.  With  the  prism 
I  will  divide  a  ray  into  its  seven  colours:*  I  will  then  take  a 
convex  lens,  in  order  to  re-unlte  them  into  a  single  ray, 
which  will  exhibit  a  round  image  of  a  shining  while;  but  if 
only  a  few  of  these  rays  be  takea  with  the  lens,  it  will  pro- 
duce a  dusky  white. 

Ja.  The  diamond,  I  have  heard,  owes  its  brilliancy  to  the 
powerofreflectingalmost  all  tbe  rays  of  light  that  fall  on  it:  but 
are  vegetable  and  animal  substances  equally  indebted  to  light? 

Fa.  What  does  the  gardener  do  to  make  his  endive  and 
lettuces  white? 

Ch.  He  tics  them  up. 

Fa.  That  is,  be  shuts  out  the  light;  and  by  tlus  ineUtod 
they  become  bUnched.  I  could  produce  you  a  thousand  in- 
stances to  show,  not  only  that  tbe  colour,  but  even  the  ex< 
istence,  of  v^etablea  depends  upon  light.  Close-wooded 
trees  hare  only  leaves  on  the  outside:  such  is  the  cedar  in  the 
garden.  Look  at  a  yew  tree,  and  you  will  find  that  the  inner 
branches  are  almost,  or  altogetbei-,  barren  of  leaves.  Gera- 
niums, and  other  green-house  plants,  turn  their  flowers  to  the 
light;  and  plants  in  general,  if  doomed  to  darkness,  soon 
sicken  aad  die. 

«Ni  llili  Bati|«t  li  glTen  In  CoDvamtioii  XTm.,  «b  tfei 
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Ja.  There  are  Bome  flowers,  the  petals  of  which  ar^  ia 
diflbrent  parta,  of  ditferent  colours:  how  do  you  account  for, 
this? 

Fa.  The  flowers  of  the  heart's-euae,  and  of  the  tulip,  ore  of 
this  kiad;  and  if  examined  with  a  good  microscope,  it  will  bft 
found  that  the  texture  of  the  blue  and  yellow  parts  is  y 
different.  The  teiture  of  the  leaves  of  the  white  and  red 
rose  is  also  different.  Clouds  also,  which  are  so  various  io  i 
their  colours,  are  undoubtedly  more  or  less  dense,  as  well  as 
being  differently  placed  with  regard  to  the  eye  of  the  speC' 
tutor;  but  the  whole  depenj  on  the  light  of  the  sun  for  d 
beauty. 

Ch.  Are  wo  to  undei'stand  that  all  colours  depend  on  ths 
reflection  of  the  several  coloured  niys  of  light? 

Fa.  This  seems  Io  h:tve  been  the  opinion  of  Sir  Isaac 
Xewton;  but  he  concluded,  from  Tarioits  expcnments  on  tha 
subject,  that  every  substance  in  nature,  provided  it  be  r^uced 
to  a  proper  degree  of  thinness,  is  transparent.  Many  trims- 
parent  media  reflect  one  colour  and  transmit  anotlier;  gold- 
leaf  reflects  the  yellow,  but  it  transmits  a.  sort  of  green  c<^ur 
when  held  up  against  a  strong  light. 

Ch.  Of  what  colour  is  the  light  of  the  sun? 

Fa.  It  consists  of  rays  of  different  kinds.  Tliose  which  i 
partake  of  the  same  degree  of  refrangibility  arc  called  homo- 
geneal,  and  those  which  have  different  degrees  of  rcfrangibiti^ , 
are  called  kelerogeneal.  Each  ray  exhibits  its  proper  coloac 
according  to  its  refrangibility,  which  cannot  be  changed  either  ' 
by  reflection  or  refraction.  A  collection  of  all  the  colour^ 
gathered  by  means  of  a  lens,  as  wo  have  seen,  will  be  perfectljr 

Ck.  How  is  it  the  colours  appear  in  the  bubble  produced 
by  a  solution  of  soap  in  water,  blown  through  a  tobacco- 
pipe? 

Fa.  If  the  bubble,  as  soon  as  blown,  be  not  covered  irith  »  , 
glass,  it  will  be  too  much  agitated  by  the  external  air  to  allow 
of  any  regular  observation:  but  this  precaution  being  takrai, 
the  colours  will  be  seen  to  emerge  from  the  vertex  or  top  of 
the  bubble ;  and  as  it  grows  thinner,  by  the  subsidence  of  tbo 
water,  tbey  dilate  into  circles  or  rings,  parallel  to  the  horicmi, 
and  then  slowly  descend  and  vanish  successively  at  the  bottonu 
This  continues  till  the  water  of  the  vertex  becomes  too  thia 
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to  reflect  the  light,  when  a  circulur  spot  of  intense  blackneas 
appears  at  the  top,  wliich  Blowly  dilalea,  sometimes  to 
three  quarters  of  an  inch  in  breadth,  before  the  bubble 
bursts.  From  the  black  ceutral  spot  the  reflected  colours  are 
the  same  in  succession  and  nature  as  those  produced  by  a 
plate  of  air;  and  the  ikppcarance  of  the  bubble,  if  viewed  by 
transmitted  light,  ia  also  sirailar  to  that  of  the  plate  of  air  in 
like  circiimstaucea. 

C'A.  What  is  meant  by  n  plate  of  air? 

/"a.  If  a  glass  or  lens,  the  surface  of  which  is  convex,  or 

port  of  a  sphere,  be  laid  upon  a  plane  glass,  it  will  of  course 

touch  at  one  point  only;  and  therefore  at  all  other  places 

between  the  adjacent  surfaces  will  b«  interposed  a  thin  layer 

'  'or  plate  of  air,  the  thickness  of  which  will  increase  in  a  certiun 

ratio  according  to  the  distance  fi-om  the  point  of  contact.  Light, 

I   therefore,  incident  upon  such  a,  plate  of  air,  is  dispi 

I   tpensmitted  or  reflected,  according  to  its  thickness. 
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CONVERSATION  X. 

BBKt,BCTBD    LIGHT,    AND    PLANE    UIBSOItS. 

Father.  We  cotne  now  to  treat  of  a  different  kind  of  glaasea, 
— viz.,  mirrors,  or,  as  they  are  sometimes  called,  specula. 

Jh.   Is  not  n  lookiog-gbiss  termed  a  mirror? 

Fa.  Mirrors  are  made  of  glass,  silvered  on  one  aide,  or  of 
highly -polished  metal  They  are  of  three  kinds;  the^/ofw, 
-the  convex,  and  the  concave. 


Ok  Toa  ha¥e  Bhovm  m  thai  in  ft  looldiig-^lui  cr  plMM 
■divor,  **  The  asgle  of  lefleetioa  is  alwajt  equal  to  tSm  aa^ 
fifincadeiiee.*- 

F(BU  This  rule  is  not  oolj  applicable  to  plane  mliTOK%  but 
io  those  which  are  conTez  and  ooncave  also^  as  I  shall  shofir 
jon  to-monow.  But  I  wish  to  make  some  obsenrataons  fint 
on  plane  mirrors.  In  the  first  pboe^  if  jou  wish  to  see  the 
complete  image  of  jourseif  in  a  plane  mirror  or  looking-glaai^ 
it  most  be  hcifas  long  as  you  are  high. 

Ja»  I  should  hsTB  imagined  the  ^bMS  must  have  becK  as 
long  as  I  am  high. 

A.  In  looki^  at  your  image  in  the  glass,  does  it  not  aeen 
to  be  as  &r  behind  the  glass  as  you  stand  before  it? 

•Io.  Yes:  and  if  I  move  forwards  or  backwards^  the  image 
bdiind  the  glass  seems  to  approach  or  recede. 

A.  Let  a  6  be  the 
looking-glass,  and  ▲  the 
spectator,  standing  oppo* 
site  to  it.  The  raj  fix]m 
his  eye  will  be  reflected  in  ' 
the  same  line  a  o,  but  the  ^^  ^^' 

raj  c6,  flowing  from  his  foot,  in  order  to  be  seen  at  the  eje^ 
must  be  reflected  b j  the  line  b  a. 

Gl.  So  it  will:  for  if  «6  be  a  line  perpendicular  to  the 
glass,  the  incident  angle  will  be  cbx^  equid  to  the  reflected 
angle  Abx. 

Fa.  And  therefore  the  foot  will  appear  behind  the  glass  at 
D  along  the  line  a6d;  because  that  is  the  line  in  which  the 
raj  last  approaches  the  e je. 

Ja,  Is  that  part  of  the  glass,  a  6,  intercepted  bj  the  lines 
AB  and  AD,  equal  exactlj  to  half  the  length  bd,  or  ac? 

Fa.  It  is:  Aa6  and  abd  maj  be  supposed  to  form  two 
triangles,  the  sides  of  which  alwajs  bear  a  fixed  proportion  to 
one  another;  and  if  a  b  is  double  of  a  a,  as  in  this  case  it  is, 
BD  will  be  double  of  a 6,  or  at  least  of  that  part  of  the  glass 
interoq>ted  bj  ab  and  ad. 

Gfc.  This  will  hold  true,  I  see,  at  whatever  distance  we 
maj  stand  from  the  glass. 

Fa,  If  jou  walk  towards  a  looking-glass,  jour  image  will 
af^iroach  with  double  yelocitj;  because  the  two  motions  are 
equal  and  contrary:  but  if,  while  you  stand  before  a  looking- 
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ffilim.  7«tir  brother  w«Ik  up  to  jou  from  behind,  his  imaga 
will  appenr  to  you  to  move  ut  the  aaine  rate  as  lie  waJk«; 
sltbough  to  him  the  velocitj  of  the  iiiiape  will  appear  to  be 
double;  for,  with  regard  to  you,  there  will  be  but  one  motion, 
but,  with  regard  to  him,  there  will  be  two  equsl  and  coutrarj 

Ja.  If  I  look  at  the  reflection  of  a  candle  In  a  looking-^laes, 
I  Bee  in  fact  two  images:  oae  much  fainter  than  the  other. 
What  is  the  reason  of  this? 

I-'a.  Any  object  strongly  illutiiinated  will  appear  in  the 
aaaie  manner.  The  cause  of  the  double  image  is,  that  a.  part 
of  the  rays  which  form  the  taint  ima^e,  are  immediately  re- 
flected from  the  upj>er  surface  of  the  ^lasp,  while  the  greater 
part  of  them  are  ri^ected  Irom  tbe  further  surface,  or  silvered 
part,  and  form  the  vivid  image.  To  see  these  two  inia>^ 
jou  must  Btaad  a  little  sideways^  and  not  directly  bef<»«  the 
glass. 

Ch.  Wbat  is  meant  by  tlie  eipreseion  of  "  an  image  bcii^ 
formed  behind  a  reflector?" 

Fa.  It  is  intended  to  denote  that  the  reflected  raya  oome  to 
the  eye  with  the  same  inchnation  as  if  the  objeet  itself  were 
actually  behind  the  reflector.  If  you,  standing  on  one  side  of 
the  room,  see  the  image  of  your  brother,  who  is  od  the  other 
side,  in  the  looking -gla^a,  the  image  will  seem  to  be  formed 
behind  the  glaas;  tliat  ia,  the  rays  come  to  your  eye  precisely 
in  the  same  way  as  they  would  il'  your  brother  himself  stood 
in  that  place,  without  the  interrention  of  a  gUsg. 

Ja.  But  tbe  image  in  the  glass  is  not  so  bright  cT  vivid  ai 
the  object. 

Fa,  A.  plane  mirror  is,  in  theory,  supposed  ta  reflect  all  the 
light  which  falls  upon  it;  but  in  practice,  neai'ly  half  the 
light  is  lost  on  account  of  the  inaccuracy  of  the  jioliah,  &C. 
Polished  metallic  specula  are  of  iv:  great  antiquity  as  mirrors, 
having  been  used  by  the  £^yptiuDS  and  Jews  also. 

Ch.  Did  you  not  say  that  Arcliimedes,  at  the  siege  of 
Syracuse,  burnt  tbe  ships  of  Marcellua  by  a  machine  composed 
of  mirrors? 

Fa.  Yea;  these  were  ooiicave  mirrors;  but  we  have  no 
certain  accounts  that  may  be  implicitly  relied  on.  M.  Buifon, 
many  years  ago,  burnt  a  platik,  nt  the  distance  of  several  fcet, 
which  I  have  already  related  to  ;uu. 


I 


Fa.  Aplwi 

from  tlie  sun, 
which  they  ar 
shone  upon  i 
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Ja.  I  do  not  see  how  these  mirrors  csn  act 
glasses? 

"  '  "  le  mirror  reflects  the  light  and  heat  proceeding 
and  will  illuminate  and  heat  &ny  substance  on 
e  thrown,  in  the  same  manner  as  it'  the  sun 
t.  Two  mirrors  wiL  reflect  on  it  a  double 
quantit)'  of  heat;  and  if  40  or  100  mirrors  could  be  so  placed 
that  each  of  them  may  reflect  the  heat  coming  from  the  sun, 
oa  any  particular  substance,  they  would  increase  the  heat  40 
or  100  times. 

Ch.  Why  is  the  truth  of  the  burning  of  the  Roman  sMps 
before  Syracuse,  by  Arohimedes,  a  queation  of  doubt? 

Fa.  One  reason  ia,  perhaps,  that  if  he  did  effect  that  object, 
the  vessels  must  have  been  aground,  and  very  near  to  the 
wnlls  of  the  besieged  city,  respecting  which  there  may  be 
some  doubt:  for  if  they  were  at  anchor,  the  undulations  of 
the  sea,  even  in  the  finest  weather,  must  have  so  varied  the 
focus,  or  burning  point,  as  to  defeat  his  inlention.  Had  the 
object  been  fixed,  and  at  no  very  great  distance,  it  might  have 
been  accomplished. 

Ch.  What  is  the  rule  for  calculating  the  powers  of  bnmii^ 
glasses,  as  they  are  termed? 

Fa.  If  a  lens,  four  inches  broad,  collect  the  sun's  rays  into 
a  focus,  at  the  distance  of  one  foot,  the  image  will  not  be  mors 
than  a  tenth  part  of  an  inch  broad.  The  surface  of  this  tittie 
focal  circle,  therefore,  will  be  one  thousand  six  hundred 
less  than  the  surface  of  the  lens;  and,  consequently,  the  sun' 
light  must  be  so  many  times  denser  within  that  circle. 
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CONVEESATION  XI. 

or  CONCAVE  HIRRORB THEIR  USES AND  MODS  OF  ACTION. 


James.  To  what  uses  nre  concave  mirrora  applied? 

Fa.  They  are  chiefly  used  in  reflecting  telescopes;  tliat  is, 
in  telescopes  adapted  to  viewing  the  heavenly  bodies:  and  aa 
you  like  to  look  at  Jupiter's  moons  and  Saturn's  ring  through 
my  telescope,  it  may  be  worth  your  while  to  take  some  paJnB 
to  know  by  what  means  this  pleasure  is  afforded  you. 

Cli.  I  shall  not  object  to  give  any  attention  necessary  to 
'  comprehend  how  these  instruments  are  contrived. 

Fa.  AB  represents  a  concave  mirror,  and  ■ 
•  ab,  erf,  ef,  three  parallel  rays  of  light  fall- 
ing upon  it: — c  is  the  centre  of  concavity; 
.  that  is,  one  leg  of  your  compasses  being    I 
placed  on  c,  and  the  other  opened  to  t' 
length  c4i  the  latter  will  touch  the  mirror  Fig.  i(. 

AB  in  all  its  parts. 

Ja,  Then  all  the  lines  drawn  from  c  to  the  glass  will  bo 
equal  to  one  another,  as  c6,  cd,  and  af. 

Fa.  They  will:  and  there  is  another  property  belonging  to 
tlteni ;  which  is,  that  they  are  all  perpendicular  to  the  gloss  in 
the  parta  where  they  touch. 

Ch.  I'hat  is,  cb,  and  c/are  perpendicular  to  thtj  glass  at 
h  and/,  as  well  as  erf  at  rf. 

Fa.  Yes:-— erf  is  an  incident  ray,  but,  as  it  passes  through 
the  centre  of  concavity,  it  will  "be  reflected  back  in  the  same 
line;  that  is,  as  it  makes  no  angle  of  incidence,  so  there  will 
be  no  angle  of  reflection;  ab  iaan  incident  ray;  and  I  want  to 
know  what  will  be  the  direction  of  the  reflected  ray? 

Ch.  Since  c6  is  perpendicular  to  the  glass  at  b,  the  angle 
of  incidence  is  abc;  and  as  the  angle  of  reflection  is  always 
equal  lo  the  angle  of  incidence,  I  must  make  another  angle,  oa 
cbm  equal  to  abc,'  aaA  then  the  line  &m  is  that  in  which  the 
incident  ray  will  move  after  reflection. 


To  mtlio  an  angle  etm,  tuvai  to  anotli 
tre  witta  Bn7  rmdios  bi,  dncribe  the  ard  j 
iince  jt^\o  yoDr  eonipuMi;  uid  xt  oS  witli  t1 
n,  uid  the  angle  nto  1«  equl  lothn  angle  aic. 
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Fbl  Can  701I9  James,  tell  me  how  to  find  the  line  in  wbidi 
the  incident  raj  efynXk  move  after  reflection? 

Jo.  Yes:  I  will  make  the  angle  cfm  equal  to  c/e^  and  the 
HBa/fli  will  be  that  in  wUch  tlie  reieeled  raj  win  iiiof«; 
therefore  efiB  reflected  to  the  same  point  mBsab  was. 

Fa.  Ji,  instead  of  two  ineidest  rajs^  anj  namber  were 
drawn  parallel  to  cd^  thej  woold  everj  one  be  reflected  to 
Ae  same  point,  m;  and  that  point,  vduch  is  called  the  /hem 
^^SMitts  nq^  is  distant  from  the  miner  half  the  nuli^ 

Jm*  Then  we  maj  easilj  find  the  point  without  the  tRNible 
of  drawing  the  angfes,  merelj  bj  dividing  the  radios  of  eoa* 
eavitj  into  two  eqoal  parts. 

Fa.  You  maj.  We  have  alread j  ohsei'^ed  that  the  n^ 
which  proceed  from  anj  point  of  a  celestial  olgeet  mi^  he 
esteemed  parallel  at  the  earth;  and  therefore  the  Innge  of 
thatpoint  will  be  formed  at  m. 

Ch.  Do  jou  mean  that  all  the  rajs  flowing  from  the  point 
of  a  star,  and  falling  upon  such  a  mirror,  will  be  reflected  to 
the  point  m,  where  the  image  of  the  star  will  appear? 

Fa.  I  do;  and  if  there  be  anj  bodj  placed  at  the  point  m 
to  receive  the  image,  this  will  be  evident  to  jou. 

Ja.  Will  not  the  same  rule  hold  good  with  regard  to  ter- 
restrial objects? 

Fa.  No:  for  the  rajs  which  jwooeed  from  anj  terrestrial 
object,  however  remote,  cannot  be  esteemed  strictlj  peralldl; 
thej  therefore  diverge^  and  will  not  be  converged  to  a  nmgU 
point  at  the  distance  of  half  the  radius  of  the  mirror  from  the 
reflecting  surface;  but  in  separate  points  at  a  somewhat 
greater  dbtance  from  the  mirror  than  half  the  radius. 

Ch.  Can  JOU  explain  this  bj  a  figure? 

Fa.  I  will  endeavour  to  4k>  so. 
Let  AB  be  a  omcave  mirror,  and 
ME  anj  remote  object,  from  everj 
part  of  which  rajs  will  proceed  to 
everj  pcnnt  of  the  mirror;  that  is, 
from  the  pcnnt  m  rajs  will  flow  to 
everj  point  of  the  mirror;  and  so 
thej  will  from  e,  and  from  everj  point  between  these  ex- 
tremities. Let  us  see  where  the  rajs  that  proceed  from  m  to 
▲,  e  and  b  will  be  reflected,  or,  in  other  words^  where  the 
image  of  the  point  m  will  be  formed. 
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Ja,  Will  all  the  rays  that  proceed  from  m,  to  different 
parts  of  ilie  glass,  be  reflected  to  a  single  point? 

Fa.  Yea:  uud  tho  dilliculty  is  to  find  that  point.  I  will 
take  only  three  ruj's,  to  prevent  confusion, — viz.,  ma,  uc,  md; 
and  c  b  the  centre  of  concuvitj  of  the  glass. 

Ch-  Then,  if  I  draw  c  a,  tliat  line  mil  be  perpendicular  to 
the  glass  at  the  point  a;  the  angle  hac  b  now  given;  and  it  b 
the  angle  of  incidence. 

Ja.  And  you  mitst  make  another  equal  to  it  as  you  did 
before. 

Fa.  Certainly:  make  cax  equal  to  mac,  and  extend  the 
line  AX  to  any  length  you  please. 

Now  you  have  an  angle  mcc,  made  with  the  ray  ue  and  tlie 
perpendicular  ce,  which  is  another  angle  of  incideDce. 

Ch.  I  vrillmake  the  angle  of  refleciion  ces  equal  to  it,  and 
the  line  es,  being  produced,  cuIb  the  line  xx  in  aparticular 
point,  which  I  will  call  m. 

Fa.  Draw  now  the  perpendicular  on,  and  you  have  with  it, 
and  the  ray  M  a,  the  angle  of  incidence  mbo.  Make  another 
angle  equal  to  it,  as  its  angle  of  reflection. 

Ja.  The  angle  cbk  will  be  that  angle;  and  I  find  that  the 
line  Bu  meets  the  other  lines  at  the  point  m. 

Fa.  Then  m  ie  tlie  point  in  which  all  the  reflected  rays  of  m 
will  converge:  of  course  the  image  of  the  extremity,  u,  of  the 
arrow  eh  will  be  formed  at  m.  Now,  the  same  might  be 
shown  of  every  other  part  of  the  object  he,  the  image  of 
which  will  be  represented  by  em,  which  you  see  b  at  a 
greater  distance  from  the  glass  than  half  c  e,  or  its  radius. 

C/i.  The  image,  I  perceive,  is  iitverled  also,  and  /esi  than 
the  object,  which  I  suppose  is  TiBually  the  ca»e  in  such  cir- 
cumntunces. 
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CONVERSATION  XII. 

if  CONCAVE   MIRHORS,    A.!1D   EXPEBIMEXTS   ON   THEM. 


Father.  If  you  well  understand  what  we  conversed  on 
yesterday,  you  will  easily  see  how  the  image  is  formed  by  the 
large  eoncave  mirror  of  the  reflecting  telescope,  when  we  como 

I  to  esmnine  the  construction  of  that  instrument. — In  a  coacave 

mirror,  the  image  is  less  than  the  object,  when  the  object  ia 
more  remote  from  the  mirror  than  c,  the  centre  of  concaTity; 
and  in  that  case  the  image  is  between  the  object  and  the 
mirror. 

Ja,  Suppose  the  object  to  be  placed  in  the  centre,  c. 

Fa.  Then  the  image  and  object  will  coincide:  and  if  Hia 
object  be  placed  nearer  to  the  glass  than  the  centre,  c,  tbeo 
the  image  will  be  more  remote,  and  larger  than  (he  object. 

C7i.  1  should  like  to  see  this  illustrated  by  an  experiment. 

Fa.  Well ;  here  ia  a  large  concave  mirror.  Place  yourself 
before  it,  beyond  the  centre  of  the  concavity,  and,  with  a  littln 
care  in  adjusting  your  position,  you  will  see  an  inverleil  image 
of  yourself  in  the  air,  between  you  and  the  mirror,  and  of  a 
more  diminutive  me  than  yourself.  When  you  see  the  imager 
extend  your  hand  gently  towards  the  glass,  and  the  hand  of 
the  image  will  advance  to  meet  it  till  they  both  come  in  con- 
tact witb  the  centre  of  the  concavity  of  the  glass.  If  you 
carry  your  hand  still  further,  the  hand  of  the  image  wilt  pass 
by  it,  and  come  between  it  and  the  body.  Now  move  your 
hand  to  either  side,  and  the  image  of  it  will  move  towards  the 

Ja,  Is  there  any  rule  for  finding  the  distance  at  wliich  tha 
image  of  an  object  is  formed  from  the  mirror? 

Fa.  If  you  knowthe  radius  of  the  concavity  of  the  mirror, 

and  also  the  distance  of  the  abject  from  the  glass,  "  multiplj 

the  distance  and  radius  together,  and  divide  the  product  b/ 

ft  double  the  distance,  leas  the  radius,  and  the  quotient  i§  the 

I  distance  required." 

■  Tell  me  at  what  distance  the  image  of  an  object  will  bcy  if 

■  the  radius  of  the  concavity  of  the  mirror  be  12  inches  and  the 
I  object  be  18  inches  from  it. 

I  Ja.  1  must  multiply  18  by  12,  which  is  equal  to  216:  this 

I  I  diride  by  twice  18.  or  36.  less  by  12;  that  is  24;  but  216 
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divided  by  24  gives  9,  whicb.  is  the  number  of  inches  re- 
quii-ed. 

Fa.  Yuu  may  vary  thta  example  in  order  to  impress  the 
rule  on  your  memory;  and  I  will  show  you  another  experi- 
ment. Take  this  bottle,  portly  full  of  water,  and  cork  it.  I 
place  it  opposite  the  conutve  mirror,  and  beyond  the  focus, 
thst  it  may  api)ear  to  be  reversed.  Now  stand  a  little  further 
distant  than  the  bottle,  and  you  will  see  the  bottle  inverted  in 
the  air,  and  the  water  which  is  in  the  lower  part  of  the  bottle 
will  appear  to  be  in  the  upper  port.  I  will  invert  the  bottle, 
and  uucork  it;  and  whilst  the  water  is  running  out  the  image 
will  appear  to  be  filling;  when  the  bottle  is  empty,  however, 
the  illusion  is  at  an  end. 

Ch.  Are  concave  minors  ever  used  as  burning-glasses? 

Fa.  Since  it  is  the  property  of  these  mirrors  to  cause 
parallel  rays  to  converge  to  u  fouus,  and  since  the  rays  of  the 
Bun  are  considered  aa  parallel,  they  are  very  useful  as  buming- 
glasees;  and  the  principal  focus  is  the  burning  point 

Ja.  Is  the  image  Ibrmed  by  a  concave  mirror  slways 
before  it? 

Fa.  In  all  oases,  except  when  the  object  is  nearer  to  the 
mirror  than  the  principal  focus. 

Ch.  Ih  the  image,  then,  behind  the  mirror' 

Fa.  It  is:  and  further  behind  the  mir- 
ror than  the  object  is  before  it.  Let  AC 
be  a  mirror,  and. Tz  theobject  between  the  i 
centre,  k,  of  the  glass  and  the  glass  itself; 
«nd  the  image  xrz  will  be  behind  the 
glass,  erect,  curved,  and  magni  Red,  and 
of  conrse  the  image  is  further  behind  the  glass  than  the  object 

Ja,  What  would  be  the  effect  if,  instead  of  an  opnque  object 
xz,  a  luminous  one,  as  a  candle,  were  placed  in  the  focus  of 

Fa.  It  would  strongly  illuminate  a  space  of  the  same  di- 
mension as  the  mirror  to  a  great  distance;  and  if  the  candle 
were  still  nearer  the  mirror  than  the  focus,  its  rays  would  en- 
lighten a  larger  apace.  Hence  you  may  understand  the  eon- 
Btruction  of  many  of  the  lamps  which  are  now  to  he  seen  in 
many  parts  of  London,  and  which  are  undoubtedly  a  great 
improvement  in  lighting  the  streets. 


COSTERSATION    XIIL  ^H 

or  CONCAVE    AND   CONVEX  HIKBOBS.  I* 

Father.  We  slmll  devote  another  morning  or  two  to  the 
■abject  of  reflection  from  mirrors  of  iliffereot  kinda. 

CA.  You  have  not  sttid  nnjtliing  about  contrer  mirrors;  »"4 
yet  tliej  are  now  very  niuch  in  faahioo  in  liandiiome  drawing- 
rooms.  I  remember  weeing  one,  when  I  was  at  my  imcle'a, 
IB  wlucli  the  images  were  Tery  mucli  kes  than  the  olfectg 


Fa.  A  eonrez  kuttot  is  an  wnaiDental  piece  <^furiutiiT^ 
especially  if  it  can  be  placed  bef<H%  a  wiiklow,  conunandii^  • 
good  prospect,  or  where  there  are  a  number  of  penons  pasaiDg 
and  repassing  in  their  different  emptoymenti.  The  imagn 
reflected  fnm  these  are  smaller  than  the  objects,  erect,  sad 
behind  the  surface;  therefore  s  landscape,  or  s  bnay  acmc^ 
delineated  on  one  of  them,  is  always  a  b^utiful  object.  Yoa 
may  easily  conceive  how  the  convex  mirror  diminishes  ob* 
jects,  or  the  images  of  objects,  hy  considering  in  what  mannev 
tbey  are  magnified  by  the  concave  mirror.  If  x  >  z  (fig.  IS) 
were  a  straight  object  before  a  convex  mirror,  a  c,  the  iiB«ga 
by  reflecticKi  would  be  «  s, 

Ja.  Would  it  not  i^ipear  carved  ? 

Fa.  Certainly:  for  if  the  object  be  a  right  line,  or  a  plitin 
sorfaee,  its  image  must  be  curved;  because  the  different 
points  of  the  object  are  not  equally  distant  from  the  reflector. 
Id  fact,  the  itsages  formed  by  convex  mirrors,  if  accaratelj 
compared  with  the  objects,  are  sever  exactly  of  the  trua 

CA.  I  do  not  qnite  eanprehend  ia  what  amsBet  nOetHaa 

takes  place  at  a  convex  mimr. 
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fa.  I  will  endeavour,  by  a  figure,  t 
make  it  plain:  c  d  represents  a  convex 
mirror  sianding  nt  the  end  of  a  room,  be- 
forH  which  the  arrow  a  B  is  placed  on  r 
oue  side,  or  obliquely.  Now  tell  me 
wliere  the  Bpectator  muet  stand  to  see 
the  rcfleeted  image? 

Ch.  On  the  other  side  of  the  room. 

Fa.  The  eye  e  will  represent  that  situation:  —  the  r»y» 
from  the  external  ptirls  of  the  arrow,  a  anil  B,  flow  con- 
TCi^ngly  along  a  a  and  b  b;  and  if  no  glass  were  in  the  way, 
they  would  meet  nt  f;  bnt  the  glum  reflects  the  ray  a  a  along 
a  E,  and  the  ray  b  b  along  b  % ;  and,  aa  we  always  transfer  the 
imiige  of  an  object  in  the  direction  where  the  rays  approach 
the  eye,  we  see  the  image  of  a,  along  the  lino  E  a,  behind  the 
^as»,  and  the  image  of  b  along  e  6;  and,  therefore,  the  image 
of  the  whole  arrow  appears  at  s. 

By  means  of  a  similar  diagram  Iwill  show  you  more  clearly 
the  principle  of  the  concave  mirror.        '" 
Suppose  an  object  e  beyond  the  forns 
F,  and  the  spectator  to  stand  tit  z,  the~ 
rays  eb  and  ed  are  reflected; 
where  they  meet  in  E,  the  spectator 
will  see  the  image.  ng.  ^o 

Ja.  Thai  is,  between  himself  and  the  image. 

Fa.  He  must,  however,  be  far  enough  from  it  to  receive 
the  rays  after  they  have  diverged  from  e;  because  every  en- 
lightened point  of  an  object  becomes  visible  only  by  means 
of  a  cone  of  rays  divei^ng  from  it:  and  we  cease  to  see  it  if 
the  rays  become  parallel  or  converging. 

Cli.  Is  the  image  inverted? 

Fa.  Certainly:  becaase  the  rays  have  crossed  before  they 
reach  the  eye. 

You  may  see  this  subject  in  nn- 
other  point  of  view.     Let  a:  i^  be  a 

concave  mirror,  and  a  the  centre  of  aI — -I41-1-! -l — ^ — -J 

concavity;  divide  o  a  equally  in  v, 

and   take  the  half,  the  third,  the 

fourth,  &c.,  of  F  o,  and  mark  these 

divisions,  J,  \,  |,  (kc.     I^  a  o  be  extended,  snd  parts  be 

taken  in  it  equal  to  t<^,  al  2,  3,  4,  he.     Now,  if  any  of  the 
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points,  1, 2,  3,  4,  &c.,  be  the  focus  of  inddent  rajs,  tiie  oor- 
respondent  points,  1,  ^  ^  i>  &c,  in  o  f  will  be  the  focus  of 
the  reflected  rajs,  and  vice  vena. 

Ja.  Do  jou  mean  that  if  incident  rays  be  at  |-  or  ^  or 
^  the  reflected  rays  will  be  at  2,  3,  4. 

Fa.  I  do:  place  a  candle  at  2,  and  an  inverted  image  will 
be  seen  at  ^:  now  place  it  at  4,  and  it  will  also  move  badL 
to  {:  these  images  may  be  taken  on  paper  held  in  those  re- 
spective places. 

Ch.  I  see  that  the  further  you  proceed  one  way  with  the 
candle,  the  nearer  its  inverted  miage  comes  to  the  point  f. 

Fa.  True:  and  it  never  gets  beyond  it;  for  that  is  the 
focus  of  parallel  rays  after  reflection,  or  of  rays  that  ccane  horn 
an  infinite  distance. 

Ja.  Suppose  the  candle  were  at  o? 

Fa.  Then  the  object  and  image  would  coincide:  and  as  the 
image  of  an  object  between  f  and  a  concave  speculum  is  <hi 
the  other  side  of  the  speculum,  this  experiment  of  the  candle 
and  paper  cannot  be  made. 

I  will  now  just  mention  another  experiment  At  one  end 
of  an  oblong  box,  about  two  feet  long,, and  fifteen  inches 
vnde,  place  a  concave  mirror.  Near  the  upper  part  of  the 
opposite  end  a  hole  is  made,  and  in  about  the  middle  of  the  box 
is  placed  a  hollow  frame  of  pasteboard  that  confines  the  view 
of  the  mirror.  The  top  of  the  box,  next  the  end  in  which  the 
hole  is  made,  is  covered  with  a  glass;  but  the  other  half  is 
darkened.  Under  the  hole  are  placed  in  succession  different 
pictures,  properly  painted,  which  are  thrown  into  perspectiye 
by  the  mirror,  and  produce  a  beautiful  appearance. 

QUESTION  FOR  EXAMIKATION. 

Look  to  fig.  18,  and  tell  me  whj  the  I  ton  are  lea  than  the  ol^«eti  itktm- 
Images  of  oUJecta  seen  in  oonrex  mir- 1  selves? 


CONVERSATION  XIV. 

©P   COMVEX   REFLECTION — OF   OPTICAL  DELUSIONS-^ 

OF   ANAMORPHOSES. 

Charles.  Can  the  same  experiment  be  made  with  a  candle 
and  a  convex  mirror  that  you  made  yesterday  with  the  coo* 
oaye  one? 
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Fa.  No;  because  the  image  is  formed  behind  the  g 
tnt  it  may,  perhnjia,  be  worth  our  while  to  consider  bow  the 
efiect  is  produced  in  a.  mirror  of  this 
kind.     Let  a  b  represent  a  convex 
mirror,  andA_/^be  hnlf  the  radius  of  't-J+H 
convexity,  and   take  ap,  Ko,    on, 
fcc.,  each  equal  to  *_/!     If  incident 
rays  flow  from  2,  the  reflected  rays 
will  appear  to  come  I'rom  behind  the  glaaa  at  \. 

Ja.  Do  you  mejin  that,  if  a  candle  be  placed  at  2,  the 
ima^c  of  it  will  appear  to  betbrmed  at  J,  behind  the  glass? 

Fa.  I  do;  and  if  that,  or  any  other  object,  be  carried  to  3, 
4,  &c.,  the  image  will  also  go  backward  lo  ^,  \,  &c. 

Cli.  Then,  as  a  person  walks  towards  a  convex  spherical 
reflector,  the  image  appears  to  walk  towards  Iiini,  constantly  in- 
Qrensinn:  in  magnitude  till  ibey  touch  each  other  at  the  surface. 

Fa.  Tou  will  observe  that  th-e  image,  however  distant  the 
object,  is  never  farther  off  than  at  f.  That  is  the  imaginary 
focus  of  parallel  rays. 

Ja.  The  difference,  then,  between  convex  and  concave  re- 
flectors is,  that  the  point/in  theyornicr  is  behind  the  glass, 
aiid  in  the  latter  it  is  before  the  glass,  as  f. 

Fa.  Just  BO  :  from  the  property  of  diminishing  objects, 
spherical  reflectors  are  not  only  pleasing  ornaments  for  our 
rooms,  but  are  much  used  by  all  lovers  of  picturesque  scenery. 
"  Small  convex  reflectors,"  says  Dr.  Gregory,  in  his  Ecotimny 
of  Nature,  "  are  made  for  the  use  of  ti-avellers,  who,  when 
fatigued  by  stretching  the  eye  from  mountain  to  mountain 
of  the  Alpine  range,  can  by  their  mirror  bring  those  sublime 
objects  info  a  narrow  compass,  and  gratify  the  sight  by  pic- 
tures which  the  art  of  man  so  vainly  attempts  to  imitate." 

Concave  mirrors  have  been  used  for  many  different  pur- 
poses; and,  with  a  little  ingenuity,  a  thousand  optical  illu- 
sions by  means  of  tliem  can  be  practised  on  the  ignorant 

Cli.  I  remember  going  with  you  to  see  an  exhibition  in 
Bond-street,  which  you  said  depended  on  a  concave  mirror, 
1  was  desired  to  look  into  a  glass.  I  did  so,  and  started  back ; 
for  1  thought  the  point  of  a  dagger  would  have  been  in  my 
face.  I  looked  again,  and  a  death's  head  snapped  at  me;  and 
tlien  I  saw  a  most  beautiful  nosegay,  which  I  wished  to  grasp, 
,   Silt  it  vanished  in  an  instant. 


ys  »  penoD 


Fa.    I  wiU  explain  baw 
these  deceptioos  ore  managed. 

10  or  12  iDcliea  iu  diameter, 
placed  in  one  room^  ab  the 
wainscot  that   separates   tlte 

spectator  from  it,  in  which  there  ie  a  sqii&re  or  circular  open" 
ing  exactlj  lacing  the  mirror-  A.  noscgny,  for  instance,  is  now 
inyerted  at  c,  which  must  be  strongly  illuniinnted  by  meant 
of  an  Argand  Isnip;  hut  no  direct  light  from  the  Unip  ia  b> 
fall  on  the  mirror.  A  person  standing  at  g  will  soe  an  imag* 
of  the  nosegay  at  d. 

Ja.  What  will  cause  it  &>  vaniah? 

Fa.  Id  exhibitiina  of  this  kind  there  is  always  »  penoD 
behind  the  wainscot,  in  league  with  the  man  att«n<" 
the  spectator,  who,  upon  some  hint,  or  signal, 
understood  between  them,  rcuuves  the  real  nosegay. 

Ch.  Did,  then,  the  approaching  sword,  and  the  adi 
death's-hciid,  ftc,  whicli  bo  alarmed  me,  depend  oa 
ttente  of  the  man  behind  the  scene? 

Fa.  They  did:  and  persons  have  undertaken  to  exhibit 
the  ghosts  of  the  dead  by  contrivances  of  tliia  kind;  for  if  ft. 
drawing  of  the  deceased  be  put  in  the  pkce  of  the  noaeg&f,  it 
may  of^en  be  done.  But  such  exliihilions  are  not  to  be  r^ 
commended,  and  indeed  uuglit  never  to  be  practised,  parties'' 
larly  on  ladies  and  nervous  individuals,  nor  evea  on  th* 
stronger  minded:  the  whole  process  ought  to  be  expluned  to 
the  astonished  spectator  afterwords. 

If  a  large  concave  mirror  be  placed  before  a  blaung  firo,. 
BO  as  to  reflect  the  imago  of  the  fire  on  the  flap  of  a  bright 
mahogany  table,  a  spectator  suddenly  introduced  in  the  roura. 
would  suppose  the  tire  tj  lie  on  the  table. 

K  two  large  concave  mirrors,  A 
and  B,  be  placed  opposite  each  other 
at  the  distance  of  several  fi^t,  and 
red-hot  charcoal  be  put  in  the  ibcus 
D,  and  some  gunpowder  in  the  other  focus  c,  it  will  pr^ 
sently  take  fire.  The  use  ofn  pair  of  bellows  may  l.>e  necea-. 
eary  to  make  the  charcoal  burn  strongly.  This  I'lperiOieiA 
may  be  varied  by  placing  a  thermometer  in  one  fucus, 


'^^' 
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lighted  charconi  in  the  other;  and  it  will  be  seen  thtit  tlm 
quickaiUer  in  the  themionieter  wiU  riau  as  the  firu  iifreasfR, 
though  another  thermomeler  at  the  aame  distance  from  the 
fire,  but  not  in  the  tocua  of  the  glass,  will  nut  be  affected- 

b,ii. 

Jit.  I  have  seen  concave  fihisnes  which  rendered  my  face 
as  long  as  vay  aim,  or  aa  broail  as  my  body.      How  are   these 

Fii.  Theae  images  are  called  anamorphostM.  a  term  derived 
Erom  two  Greek  wordii,  ana  (ni-n),  ''  biickward,"  and  morpht 
(fin|/^q),  "  8  ahi^  or  forru."  Tbey  are  produced  from  c#/iii- 
drkal  concave  mirrorai  and  us  the  mirror  is  placed  either 
upright  or  on  Us  side,  the  image  of  the  picture  is  distorted 
into  a  very  long  or  very  broad  unage. 

Reflecting  aurfaces  may  be  made  of  various  slinpea,  and  if 
a  regular  figure  be  placed  before  an  irrej^ular  reflector,  the 
image  wilt  be  deformed;  but  if  an  object,  such  as  a  picture 
be  painted  deformed,  according  to  certain  ruleii,  the  imag« 
will  appt^ar  regular  and  proportional.  Sucli  figures  and  re- 
fieutors  are  sold  hy  opticians;  and  they  serve  to  aatooish  those 
who  are  unacquainted  will]  iheae  aubjecls. 

You  roust  have  now  perceived  tliat  a  surfai.-e  may  be  ao 
constructed  that  it  Bhall  reflect  the  rays  of  any  ono  pi'ncit  of 
light  in  Buch  a  manner  aa  to  cause  them  to  cotiverge  to  a 
point,  diverye  from  a  point,  or  proceed  paralltl  to  eneh  other. 

CA.  Yes:  that  aurfiice  mny  be  either  plane  or  curved.  But 
IB  there  anything  in  common  betwt  en  the  pnipertiea  of  con- 
vex lenses  and  those  of  concave  mirrors? 

Fa.  There  is,  in  a  great  nieaaure;  for  convex  lenses  and 
concave  mirrors  form  an  inverted  focal  image  of  any  remote 
object,  by  causing  the  convergence  of  tlie  pencil  of  rays. 
Conc&ve  lenses  and  convex  mirrors  form,  in  general,  an  erect 
image  in  the  virtual  focus,  by  the  divergence  of  the  pencil 
of  rays.  In  thuae  telescopes  which  act  by  .'fte  effect*  of  re- 
llcction,  the  concave  mirror  is  useil  instead  of  the  convex 
leoB,  and  the  convex  mirror  instead  of  the  concave  leos. 

C/i.  In  what,  then,  do  they  differ? 

Fu.  They  must  necessarily,  when  combined,  differ  from 
the  disposition  of  lenses,  on  account  of  the  opacity  of  the  ons 
and  tlie  transparency  of  the  other. 
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(3L  Anm  have  already  learned  that  in  Tmmfag  gliimM 
by  re/leeium  the  baming-spot  is  merelj  the  picture  of  ibb 
aun  rormed  by  a  concave  mirror  held  paralld  to  the  diak  of 
the  son;  whai,  then,  are  we  to  understand  as  to  tlie  degree  of 
heat  at  the  luminous  spot,  when  compared  with  the  ordinaij 
Jieat  of  the  sun? 

Fa,  It  18  in  proportion  as  the  area  of  the  mirror  is  to  the 
area  of  the  spot;  because  the  spot  is  invariably  in  the  middk^ 
between  the  surface  of  the  mirror  and  its  centre.  Bat  tliia  is 
to  be  understood  only  of  the  quantity  of  heat  originally  ook 
lected,  which  we  must  suppose  to  be  augmented  In  the 
manner  as  in  burning-glasses  by  r^raetion. 


QUESTIOKS  FOB  KXAXHrATION. 


What  is  the  appeartnoe  if  a 
walki  toirardi  a  oonrez  ipherieal  re- 
flector?—Does  the  distance  of  the 
image  increase  in  proportion  to  the  dis- 
tance of  the  ol]|}ect?--What  is  the 


difltarenoe  between  conrcz  ana 
reflectors  ?  —  To  whM  naes  hm.r% 
rex  reflectors  been  ai^Ued?— . 
are  concaro  minrors  naed  lbr?<— 
are  anamorphoses  prodnoed? 


CONVERSATION  XV. 


OF  THE   DIFFERENT   PARTS   OF   THE   ETK. 

Charles,  Will  you  now,  Papa,  describe  the  nature  and  oon- 
struction  of  the  telescope? 

Fa,  I  think  it  will  be  better  first  to  explain  the  several  parts 
of  the  eye,  and  the  nature  of  vision  in  the  simple  state,  beforo 
we  treat  of  those  instruments  which  ore  designed  to  assist  it 

Ja.  I  once  saw  a  bullock's  eye  dissected,  and  was  told  that 
it  was  just  like  the  human  eye  in  the  con- 
struction of  its  several  parts. 

Fa.  The  eye,  when  taken  from  the 
socket,  is  nearly  of  a  globular  form,  and 
composed  of  three  external  coats  or  skins, 
and  three  internal  substances,  called  hu- 
mours. This  figure  represents  the  section 
of  an  eye;  that  is,  an  eye  cut  through  the  >     FMrss. 
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middle;  and  this  the  front  view  of 
the  eye,  as  it  appenre  in  the  head. 

Ch,  Have  these  coats  nnd  hu- 
mours all  difierent  names? 

Fa.  Yes:  the  external  eoat, 
whieh  is  represented  by  the  outer 
cirele,  a  B  c  d  e,  ia  colled  the  sale-  ^ig. »«. 

rolica,  or    sclerotic    membrnne, 

from  the  Greek  word  sderos  {in;\ijp„c),  "  hard:"  it  is  the  bard 
outer  coating;  the  front  part,  ex  d,  ia  perlectiy  transparent; 
and  ia  called  the  cornea ;  beyond  this,  towards  b  and  e,  it  is 
whito,  (ind  called  the  white  of  the  eye.  The  nest  coat, 
which  is  represented  by  the  second  circle,  is  called  the 
choroid  membrane,  forming  the  interior  coating  of  the  acle 

Ja.  This  circle  does  not  go  all  roiind. 

Fa.  No:  the  vacant  space,  a  6,  is  that  wlJch  we  call  the 
pupil;  and  through  this  alone  the  light  enters  the  eye. 

Ch.  What  do  you  call  that  part  which  is  of  a  beautiful  blue 
in  some  persons,  and  in  others  brown,  or  almost  black? 

Fa.  That  (as  ac,  be,)  is  part  of  the  choroid  membrane,  and 

called  the  iris,  from  posaessing  various  colours. 

Ch,  How  is  it  that  the  iris  is  sometimes  mueh  larger  than 

is  at  another? 

Fa.  It  ia  composed  of  a  peculiar  structure,  which  contracts 
or  expands  according  to  the  intensity  of  the  light  which  is 
present.  Let  your  brother  stand  in  a  dark  comer  for  two  or 
three  minutes,  and  then  look  at  his  eyes. 

Ch.  The  iris  of  each,  I  perceive,  ia  very  small,  and  the 
pupil  large. 

Fa.  Now  let  him  look  ateadily  pretty  close  to  the  candle. 

Ch.  The  iris  is  considerably  enlnrgeil,  and  the  pupil  of  the 
eye  is  but  a  small  point  in  comparison  of  what  it  was  before. 

Fa.  Did  you  never  feel  a  peculiar  affection  of  the  eyes 
when  candles  were  suddenly  brought  into  the  room,  after  you 
had  been  sitting  some  time  in  the  dark? 

Ja.  Yes,  on  several  occasions;  and  others  with  me  have 
felt  the  aame. 

Fa.  By  sitting  so  long  in  the  dark,  the  iris  had  become 
very  much  contracted,  and  the  pupil  being  large,  more  light 
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was  admitted  Ihan  it  could  well  betr,  md  fliBigCw^  tB 
was  allowad  fiir  tfeie  vis  to  a^imt  Hk^  the  peooliiff 
wgiiUbefeli. 

'  Ck.  WkHl  do  JIM  edl  the  third  mrt,  w^c^  finoM  tki 
flgorfi^  mpptan  to  be  still  less  than  the  ehoroid  meerineae? 

2^a.  It  if  called  the  retina^  from  the  Latin  tetaa  for  ne^ 
work.  It  forms  a  pulpy  filiBy  which  serves  to  reeeiTe  the 
images  of  objects  which  are  prodooed  bj  the  refiractioa  of  the 
different  humoura  of  the  eye,  mud  ano  paiirtedi  ae  it  wmn,  «1 
fhe  suHJMse 

Ch,  Are  the  hnmoiira  of  the  eje  inleDded  for  wfi  ^^^ 
the  rays  of  light,  in  the  same  naimer  as  giasa  lenaea? 
.  Fa,  They  are;  and  they  are  called  the  mlreMCf  and 
hamours,  and  the  eiyiiaWim  lens. .  ThevtfroMif  bi 
up  ail  the  space,  z  z,  at  the  back  of  the  eye;  it  is  nearly  of  te 
same  refractive  power  as  glasb  The  crysiallme  leoa  is  repre- 
sented by  d/f  in  the  shape  of  a  double  convex  lens:  and  the 
aqueouSf  or  watery  humour,  fills  up  all  that  part  of  the  efS 
between  the  crystalline  lens  and  the  cornea  c  x  d. 

Ja.  What  does  the  part  a,  at  the  back  of  the  eye,  repre* 
sent? 

Fa,  It  is  the  optic  nerve,  which  serves  to  convey  to  the 
brain  the  sensations  produced  on  the  retina,  and  by  and  by 
we  shall  endeavour  to  explain  the  office  of  these  humonirs  in 
effecting  vision.  In  the  meantime,  I  woold  request  yoa  to 
consider  again  what  I  have  told  yoa  of  the  different  parts  ef 
the  eye,  and  examine^  at  the  same  time,  both  the  figuves^  S5 
and  26. 

Ja.  We  wiU:  but  you  have  said  nothii^  about  the  naea  of 
the  eye-brows  and  eye-lashes. 

/a.  1  intended  to  reserve  this  till  another  opportunity,  bat 
I  may  now  say  that  the  eye-brows,  called  the  smpertiUa,  de- 
fend the  eye  froiu  too  strong  a  light,  and  likewise  prvrent  the 
Injuries  that  might  happen  by  the  sliding  of  snbetanoes  down 
the  forehead  into  the  eyes. 

The  eye-lids  act  like  curtains  to  cover  and  fHrotect  ths 
eyes  during  sleep.  When  we  are  awake,  they  diffase  a  fluid 
over  the  eye,  which  keeps  it  clean  and  well  adiqpted  lor 
tiansmitting  the  rays  of  Hght. 

The  cyo-laahes,  cr  cilkiy  in  a  tiioosand  instmces^gaHd  As 


eye  from  danger,  trad  prolect  it  from  flcMLtiag  dost,  with  which 

the  atmosphere  abounda. 

QUESTIONS  FOB  EXAXlSJtTlOS. 

la  tiM  ntint,  and  vhkt  li  Iti  uttt — 


ledark?  — Which 


?  —  Which 

lamour. 

ud  why  i 

<  the  optic 

cribtUi 

lid>.>i)cl 

eje-lMhn. 

CONVERSATION    XVI. 


Charlet.  I  do  Dot  understand  whut  you  meant  when  you 
said  that  the  optic  nerve  served  to  convey  to  Uie  brain  the 
eenaationa  produced  on  the  retina. 

Fa.  Nor  do  1  pretend  to  tell  you  in  what  manner  the  image 
of  nny  object  painttKl  on  the  retina  of  the  eye  is  CBlculated  to 
convey  to  the  mind  an  idea  of  that  object:  but  I  wish  to  show 
you  that  the  images  of  the  various  objects  which  you  sec  are 
painted  on  the  retina.  Here  is  a  buUock's  eye,  from  the  back 
part  of  which  I  cut  away  the  three  coats,  but  so  as  to  leave 
the  vitreous  humour  perfect.  I  will  now  put  against  the 
vitreous  humour  a  piece  of  white  pqier,  and  hold  the  eye 
towards  the  window.     What  do  you  see? 

Ja.  The  figure  of  the  window  is  drawn  upon  the  paper, 
but  it  is  inverted. 

Fa.  Open  the  window,  and  yon  will  see  the  trees  in  the 
garden,  or  any  other  bright  object,  drawn  upon  it  in  the  same 
invtrled  portion. 

Ch.  Docs  the  paper,  in  tliia  instance,  represent  the  inner- 
most coat,  called  the  retina? 

Fa.  It  does:  and  I  have  made 
easily  seen  through;  whereas  the 
parency  would  be  of  no  advantage  1 
of  the  optic  nerve,  conveys  the  in 
brun,  and  it  is  nothing  more  nor 
the  optic  nerve. 


of  paper,  because  it  is 
aa  being  opaque,  trans- 
The  retina,  by  means 
■»  depicted  on  it  to  the 
i  than  an  expausia 
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Jib  And  does  it  eaawej  the  idoA  of  ererf  olject  daft  ii 

painted  on  the  retina? 

Fa.  It  is  imagined  to  do  8o;  for  we  have  an  idea  of  whatafv 
is  drawn  npoa  it.  When  I  direct  mj  cjea  to  jou.  Hie  bmg^ 
of  yonr  person  is  punted  on  the  retina  of  mj  efe^  waui,  then- 
fore,  I  make  use  oi  the  expression,  "I  see  jon.*  So  of  any- 
thing else. 

CA.  YoQ  said  the  rajs  of  light  proeeedii^  from  eatend 
objects  were  refracted  in  passing  through  the  dtfienat 
humonrs  of  the  eje. 

Fa,  They  are,  and  converged  to  a  pointy  or  there  woold  be 
no  distinct  picture  drawn  <m  the  retina»  and  of  oonraeno 
distinct  idea  convejed  to  the  mind.  I  will  show  yoa  what  I 
mean  bj  this  figure;  taking  an  arrow  again  as  mn  Ulaatnlion. 

As  every  point  of  an  object  a  b  c  sends  oat  rmjn  in  all 
directions,  some  rays  from  c^ch  point  on  the  side  nesct  As 
eye  will  fall  upon  the  cornea  between  x  y,  and,  by  paasiiig 
through  the  humours  of  the  eye,  will  be  converged  and  brooglS 
to  as  many  points  on  the  retina,  and  will  form  on  it  a  Higtim«t 
inverted  picture,  r,  6,  a,  of  the  object. 


Fig.  27. 

Ja,  This  is  done  in  the  same  manner  as  yon  showed  ua,  by 
means  of  a  double  convex  lens. 

Fa.  Yes,  all  three  of  the  humours  have  some  influence  in 
refraci^:ng  the  rays  of  light;  but  the  crystalline  is  the  most 
powerful,  and  that  is  a  double  convex  lens:  you  see  that  the 
rays  from  a  are  brought  to  a  point  at  a,  those  from  b  will  ba 
converged  at  6,  and  those  from  c  at  c,  and  of  course  the  inter* 
mediate  rays  between  a  and  b,  and  b  and  c  will  be  formed 
between  a  and  6,  and  b  and  c.  Hence  the  object  becomes 
visible  by  means  of  the  image  of  it  drawn  on  the  retina. 

Ch.  Since  the  image  is  inverted  on  the  retina,  how  is  il 
that  we  see  things  in  the  proper  position? 
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Fa,  That  is  n  proper  question,  but  one  that  is  not  verjr 
readilj  answered.  It  is  well  known  tbat  the  eense  of  touch 
or  feeling  very  mituh  assists  the  sense  of  sight.  Some  paint* 
ings  ore  BO  exquisitely  finished,  and  Boraueh  resemble  sculpture, 
that  the  eye  is  completely  deceived.  We  then  naturally  extend 
the  hand  to  aid  the  sense  of  seeing.  Cliildren,  who  have  tu 
learn  the  use  of  all  their  senses  make  use  of  their  hands  in 
eTcrything:  theyseenothing  which  they  do  not  wish  to  handle; 
and  therefore  it  is  not  improbable  that  by  the  sense  uf  the 
touch  they  learn,  unawares,  te  rectify  that  of  seeing.  The 
image  of  a  chair  or  table,  or  any  other  object,  ia  painted  in  an 
inverted  position  on  the  retina:  they  feel  and  handle  it,  and 
find  it  erect;  the  same  result  perpetually  recurs;  so  that,  at 
length,  long  before  they  can  reason  on  the  subject,  or  even 
describe  their  feelings  by  speei^li,  the  inverted  images  give 
tliera  an  idea  of  an  erect  object. 

Ch.  I  can  easily  imagine  that  this  would  oe.  the  case  with 
common  objecta,  such  aa  are  seen  every  day  and  every  hour. 
But  wilt  there  be  no  difficulty  in  supposing  that  the  same  must 
happen  with  regard  to  anything  which  I  had  never  Been 
before?  I  neyer  saw  ships  sailing  on  the  sea  till  within  this 
month;  but  wlien  I  first  aawf  them,  they  did  not  appear  to  me 
in  an  inverted  poaiiion. 

Fa.  But  you  have  seen  water  and  land  before;  and  they 
appear  to  you,  by  habit  and  experience,  to  be  lowermost, 
though  they  are  painted  on  the  eye  in  a  different  position; 
and  the  bottom  of  the  ship  is  next  the  water,  and  consequently, 
M  you  refer  the  water  to  the  bottom,  so  you  must  the  hull  of 
the  ship  which  is  connected  with  it.  In  the  same  manner  all 
the  parts  of  a  distant  prospect  ai'e  right  with  respect  to  each 
other;  and  therefore,  though  ther^  may  be  a  hundred  objects 
in  the  landscape  entirely  new  to  you,  yet,  as  they  all  b^ir  a 
relation  to  one  another,  and  to  the  earth  on  which  they  are, 
you  refer  them,  by  esperience,  to  an  erect  position. 

Ja.  IIuw  is  it  that,  in  so  iimall  a  space  as  the  retina  of  the 
eye,  the  images  of  so  many  objects  can  be  formed? 

Fa.  Dr.  Paley,"  in  his  Natural  Theology,  tells  us,  "The 
prospect  from  Hampstead  Hill  is  compressed  into  the  compass 
of  a  sixpence,  yet  circumstantially  represented.  A  stage 
tbo  Analyik  it 
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eottdi.  trsvelling  at  its  ordinttiy  nifo^  ftr  iMlf  aa 

in  Che  eye  onljorer  one  twdfth  part  of  an  indiy 

of  place  is  distinctly  peroeiTOil  throaghoiit  Ha 

Tina  assertion  we  all  know  to  be  tnie.    Go  to  the 

and  look  steadily  at  tlie  prospect  befim  yoop  and 

many  objects  yon  can  discern  witlwut  moviiig  the  eyau 

Ja,  I  con  see  a  great  number  Tery  distinctly  indaadi 
which,  I  can  discern  others,  on  both  sidea^  which  aia 
clearly  defined. 

Ch.  I  find  another  difficnlty.  We  ham  two  eyaa^  ao  bsA 
of  which  the  images  of  objects  aie  painted.  Ho«r  ia  it  tfaa 
we  do  not  see  every  object  doable? 

Fa.  When  an  o^ectis  seen  disdncdj  with  both  eyas^  tiair 
axes  are  directed  to  it,  and  the  oli^ect  appears  single;  fir  the 
optic  nerres  are  so  constructed,  that  the  corraapoadtont  pvt% 
in  both  eyes,  lead  to  the  same  place  in  the  brain,  and  aidila 
but  one  sensation.  But  if  the  axes  of  both  ejaa  are  aot 
directed  to  the  olgect,  that  object  seems  donble. 

Ja.  Does  that  ever  occur? 

Fa,  Look  at  your  brother,  while  I  push  your  liglit  eya  a 
little  out  of  its  place  towards  the  left 

Ja.  I  see  two  brothers;  the  one  receding  to  the  left  hand 
of  the  other. 

Fa.  The  reason  is  this:  by  pushing  the  eye  oat  of  its 
natural  place,  the  pictures  in  the  two  eyes  do  not  fall  upon 
eorrespondent  parts  of  the  retina,  and  therefore  the  senaations 
from  each  eye  are  excited  in  different  parts  of  the  brain. 

Ton  now  understand  pretty  dearly,  I  hope,  the  eflfeet 
of  different  lenses,  in  distributing  or  collecting  rays  of  light; 
and  as  the  eye  is  formed  of  lenses,  in  the  different  homoon 
it  contains,  you  have,  doubtless,  a  much  better  idea  of  the 
action  of  that  important  organ  tlum  you  had  before. 

Ch.  But  what  are  the  particular  uses  of  the  vtlreoat  and 
aqueous  humours,  and  of  the  ery$taUine  lens^  you  have  alladed 
to? 

Fa.  The  chief  use  of  the  aqueous  or  watery  homonr  ia 
apparently  to  preserve  the  proper  curvature  of  the  tumiea 
cornea^  so  as  to  allow  of  the  undisturbed  motions  of  the  iria 
which  floats  in  it.  It  is  a  menUctu^  and  embraoes  the  anterior 
portion  of  the  crystalline  lens.    Its  anterior  surface  is  covered 
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h^  the  cornea,  wliicli  Soima  the  anterior  transparent  portion 
■f  the  eye, 
Ch.  What  is  the  peculiar  use  of  the  crTstalline  lens? 
Fa.  It  perforins  the  important  office  of  accurately  conreying 
the  rays  of  light  to  the  surface  nf  the  retina,  and  is  n  double 
convex  lens  formed  from  unequal  radii,  the  convexity  from 
the  shorter  radina  bein^  ])laced  inwards.     Ita  refractive  den- 
sity is  greater  than  those  of  the  humours  tliat  surround  it. 
C/i.  What  13  the  use  of  the  vitreoua  or  glassy  humour? 
Fa.  It  is  apparently  to  keep  the  crystalline  lens  at  such  a 
distance,aslomal(e  the  rays  of  light  fall  ontheretinn,and  obo 
to  spread  the  retina  smoothly  before  the  light.     Tt  is  also  a 
meniscns.     It  embraeea  in  ila  concare  snrface,  the  internal 
conveitity  of  the  crystalline  lens,  and  its  convex  surface  is  sur- 
rounded by  the  retina. 

C/i.  I  have  often  heard  mentioii  of  the  ciliary  ligament; 
what  does  that  mean,  Pnpa? 

Fa.  It  is  A  wliile  ligament  attached  to  the  circumference 
of  the  eryatalline  lens.  The  iclerottca,  or  entemal  tunic  or 
coat  of  the  eye,  is  to  preserve,  by  its  hardness,  the  globular 
figure  of  the  organ,  and  by  its  strength  and  elasticity,  the 
delicate  parts  of  the  interior  are  defended.  It  forma  the  white 
of  (he  eye. 

Ch.  What  is  the  use  of  the  cornea,  Papa? 
Fa.  Its  us*  is  to  cover  the  front  of  the  eye,  and  it  may 
with  reason  be  termed  its  window;  the  plates  of  which  it  is 
composed  being  of  the  most  brilliant  transparency.  It  is  so 
hard,  that  it  will  sometimes  break  the  point  of  a  needle,  when 
applied  to  it  for  any  operation;  and  by  this  quality  it  defends 
the  eye  from  injury.  Through  its  colourless  transparency, 
the  rays  of  Kght  find  an  easy  passage  to  the  retina. 

The  choroid  membrane  adheres  to  the  sclerotica  within, 
and  at  the  circumfereneo  of  the  cornea  joins  the  iris  through 
the  ciliary  ligament.  It  is  composed  of  two  layers,  the  inner 
of  which  secretes  a  peculiar  snhstanee,  called  the  pigmentwit 
nigrum,  or  black  pigment,  which  is  spread  over  the  whole 
inner  surface  of  the  eye,  in  immediate  contact  with  the  retina. 
Its  use  is  to  absorb  all  those  rays  of  light  which  would  other- 
wise hafe  been  reflected  from  the  surface  of  the  retina,  and 
interfered  with  the  perfect  formation  of  the  image. 
_  Ja.  What  is  the  nae  of  the  iris,  Papa? 
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Fa.  It  iB  to  regulate  the  qii«iitit]r  of  li^  adUttod  Ij  At 
aperture  in  its  centre,  called  the  pnpil;  mod  it  takae  ill  oaa^ 
as  I  liave  heforeohserved,  onaoooiint  of  its  Tiriflit^aiidlwBn^ 
the  colour  depending  on  the  zeflectioQ  of  Ught  fipom  Uie  fdwfr 
like  surface  of  the  membrane. 

Ja.  What  did  you  saj,  Papa,  the  third  or  inner  ooat  of  Ai 
eje  was  composed  of,  which  you  called  the  retina? 

Fa,  It  is  an  expansion  of  the  optic  nerve^  ooneiBling  of  a 
thin  membrane  covered  with  numerous  veiiifl^  arteries  aal 
absorbent  vessels,  upon  which  the  threads  of  tibe  optie  Bflna 
are  wrought  into  a  delicate  and  beantifiil  net-worlc  Iki 
retina  is  the  seat  of  vision,  on  which  all  external  imfei 
'  are  refracted  by  the  different  humours  of  the  eye^  andpaioledt 
as  it  were,  upon  its  sur&ce. 

Ch.  But  what  b  the  reason  we  hear  some  people  *'««fi*'" 
of  being  short-sighted? 

Fa.  Short-sightedness  arises  from  too  great  a  oonveiity 
of  the  cornea,  and  too  great  a  density  of  the  crystalline  h^ 
by  both  of  which  the  visual  rays  from  near  objects  are  brought 
to  a  focus  before  they  reach  the  retina. 

Ch,  And  why  are  old  persons  oflten  long-sighted? 

Fa,  Because  their  eyes  lose  the  power  of  a^uating  them- 
selves to  short  distances,  as  they  advance  in  age;  the  o(»iiea 
gradually  becoming  flatter,  and  the  power  of  the  ciyBtalliae 
lens  diminishing. 

Ch,  How  is  the  eye  moved? 

Fa,  "By  means  of  muscles:  there  are  four  denominated 
straight^  and  two  oblique^  the  former  to  direct  the  motions  of 
the  eye  upwards,  downwards,  and  laterally,  and  the  latter  to 
govern  its  oblique  movements.  The  four  straight  muscle^ 
when  acting  together,  retract  the  eye-ball  and  slightly  com- 
press it,  so  as  to  enable  it  to  acconmiodate  itself  to  varioos 
distances. 

Ch,  What  are  tears? 

Fa,  Tears  are  composed  of  a  fluid,  which  a  kind  Pkt>vidence 
has  given  us  for  the  purpose  of  moistening  the  surface  of  the 
eye-ball,  and  cleansing  it  of  its  impurities,  by  the  aid  of  the 
action  of  the  eye-lids. 

Ch.  What  produces  this  fluid? 

Fa,  It  is  secreted  from  a  gland  situated  in  the  hollow  of  a 
bone,  just  under  the  outer  end  of  the  brow;  and  oalled  tH 
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^F  laeirymal  ffland,  the  peculiar  office  of  which  ia  to  secrete  the 
H  fluid  irorn  the  blood,  into  a  number  of  email  tubes  or  diicia, 
f  which  convey  it  as  circumstAnced  of  excitement  or  accident 
may  require, 

Ch.  Is  this  discharge  necesBary  during  sleep? 
Fa,  If  the  fluid  were  not  kept  from  the  eye  during  sleep, 
it  might  be  fatal  to  the  sight.     The  same  Providence  which 
has  supplied  the  tears,  has   provided  for   nil  emergencies. 
When  the  eye-lids  are  closed,  the  fluid  is  collected  in  thcioner 
angles  of  the  eyes,  and  absorbed  by  capillary  attraction  into 
the   small  hole*,    called  the  puneta  lacfirymalia,  then  dis- 
charged into  a  receptacle,  called  the  lachrymal  sac,  and  thence 
emptied  into  the  nostril,  where  it  is  speedily  evaporated  by  the  ■ 
constant  passage  of  warm  air  produced  in  breathing. 
Ch.  What  is  the  use  of  the  eye-brows? 
Fa.  They  prevent  the  perspiration  rollected  on  the  brows 
during  fatigue,  from  falling  into  the  eyes,  which  might  bo 
irritated  by  it. 

Ch.  What  reason  can  be  given  for  the  variation  in  the  form 
and  colour  of  the  eyes  in  people  of  different  nations? 

Fa.  There  can  be  little  doubt  that  the  wise  intention  of 
the  Creator  was  thereby  to  adapt  them  to  the  difference  of 
climate,  where  the  same  kind  of  eye  would  be  unable  to  ndiipt 
itself  to  a  greater  or  less  degree  of  light  and  heat. 

QUESTIONS  FOS  EXAUTTIATION. 

HowEitheTmftfteoTBnj'DEdcetpiiiitp]  |  ottfecta  tTi  tlie  proper  enct  poallloa, 
en  the  nclna  of  tlicrye  F — Shoir  rk.  stux  ihry  *n  Inverted  on  Itie  Ktlnii? 
bj-  fig.  !;.  how  the  myi  of  liplit  ixra  \—l'  "":«  no  IliBlculIy  In  nconelllng 
Kfricled  In  pauln;  L  J]  rough  the  diflerenL  titia  irieory  toot^KtAD^vprvH^beTDre? 
hinnoDn  of  th»  ejre.  —  Do  all  the  hu-  [  —  IVIiy  do  uto  not  lee  otd*c(e  dooble? 
vuntn  ndHct  the  nji  of  light,  and  ' —  llj  wlidt  oi^'Uis  do  we  see  ohjocti 
wtilchhutbei^TealertelltatupoDlhnn?  doulik? 
—  Bow  l>  It  that  we  »e«  the  ImagM  of  I 


CONVERSATION  XVII. 

OE   SPECTACLES,   AND   OP  THEIB   USSa. 

Charles,  Why  do  people  wear  spectacles? 
Fa.  To   assist  the  flight,   whicli   injty  be  defective   from 
▼uioQS  caoBea.     Some  eyes  are  too  flat^otheraiiretooconTex: 


<MS 


a  taiie  the  humoiin  loM  ft  part  of  their 
cm  thmt  aoooant  much  of  the  light  that  enters  the  e^  m 
alopped,  and  80  ket  in  the  paaaage  that  every  pljtei  eppeia 
dim.  The  eje,  without  light,  would  he  a  oacleie  "^^«t^ 
Spectacles  are  intended  to  ooUect  the  lights  or  to  MBiattfaB 
eje  in  hringing  it  to  a  pnqper  degree  of  eoovecgencj,  whoe 
that  organ  cannot  refract  it  sdffiaeDtlj. 

Ck,  Are  spectade-glasaea  alwaja  oonyez? 

Fa.  No:  thej  are  oonTez  when  the  ejes  aore  too  flat;  M 
If  the  ejea  are  alread/  Terj  convex,  then  eoncave  glaaatia 
Hied.    Yon  know  the  properties  of  a  eonvexglaaa? 

Jk  Tes;  it  is  to  make  the  xaji  of  light  ooave^ge 
tium  they  otherwise  would. 

Fa.  Suj^MSOy  then,  a 
person  unable  to  see  ob- 
jects distinctly,  owing 
to  the  oomeac  d,  or  toar'^ 
the  crystalline  lens,  a 
b^athotiif  being  too  flat. 

The  focus  oi  rays  pro-  Fif,  28. 

ceeding  from  any  objeeti  jt,  will  not  be  <m  the  xetinay  where 
it  ooght  to  be,  but  atz,  beyond  it 

Ck,  How  can  it  be  beyond  the  eye? 

Fa,  It  would  be  beyond  it,  if  there  were  anything  to  reeeifo 
it.  As  it  is,  the  rays  flowing  from  a;  will  not  unite  at  ci^  so 
as  to  render  vision  distinct.  To  remedy  this,  a  convex  glasB^ 
j»  fl^  is  placed  between  the  object  and  the  eye;  by  means  of 
whidi  the  rays  are  brought  to  a  focus  sooner,  and  the  image 
iafiormed  ntd, 

Jo.  Now  I  see  the  reason  why  people  are  otdiged,  aome- 
times,  to  make  trial  of  many  pairs  of  spectadea  before  they 
get  those  that  will  suit  them.  They  cannot  tell  exactly  what 
d^;ree  of  convexity  is  necessary  to  bring  the  focus  just  to  the 
retina. 

Fa.  You  are  right;  for  the  shape  of  the  eye  may  vary  as 
much  as  that  of  ihm  countenance.  Of  course,  a  pair  <tf 
spectacles  that  might  suit  jou  would  not  be  adapted  to  an- 
other, whose  eyes  should  require  a  similar  aid.  What  is  the 
property  of  concave  glasses? 

Ck  Thcj  cause  t£ft  rays  of  light  to  diveige. 


focus  before  tliey  arrive  at 
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Fa.    Then,    for  » 

Tery  round  find  plo- 
1>iilar  eyes,  these 
■will  be  iiRtful;  be- 
enuse,  if  the  cornea, 
o  D,  or  crystalline 
lens,  a  &,  be  too 
.  convex,  the  rays 
flowinj;  from  x  will  unite  into 
the  retina,  as  at  z. 

Ck.  If  the  sight,  then,  depend  on  eensal'ons  produced  on 
the  retina,  sucli  a  person  will  not  KCC  the  object  at  oil.  becftU£e 
the  imajre  of  it  does  not  reach  ttie  retina. 

Fa.  True:  but  at  z  the  rays  cross  one  another,  and  pass  on 
to  the  retina,  where  they  will  produce  sonie  sensations,  but 
iiot  those  of  distinct  vision,  becuuse  they  are  not  brought  to  a 
focus  tliere.  To  remedy  this,  the  coticave  glsss  m  n  is  inter- 
posed  between  the  objei^t  und  the  eye,  which  cnuses  the  rays 
cominp  to  the  eye  to  t/irtrge,  and,  Iteing  more  divergent  when 
they  enter  the  eye,  it  requires  a  very  convex  cornea  or  crys- 
talline lens  t/i  bnng  them  to  a  focus  at  the  retina. 

Ja.  I  have  seenold  people,  whenOKamining  an  object,  hold 
it  a  good  distance  from  their  eyes. 

Fa.  B'cause,  their  eyes  being  too  flnt,  the  focus  is  thrown 
beyond  the  eye,  and  therefore  they  bold  the  object  at  a  distance 
to  brin^  ihe  focus  z  {tit:.  28)  tu  the  retina. 

C'A.  Very  short-sighted  people  bring  objects  close  to  their 

Fa.  Yes;  I  once  knew  a  young  man  who  was  accustomed, 
when  looking  at  his  writing,  to  blot  with  his  nose  what 
he  hod  written  with  his  pen.  In  this  case,  bringing  the  object 
near  the  eye  produces  a  siinilv  effect  to  that  produced  by 
concave  glusbca:  betfiuse,  the  nearer  the  object  is  brought  to 
Ihe  eye,  the  greater  is  the  angle  under  whitji  it  is  seen;  that 
is,  the  extreme  nys,  and  of  course  all  tJie  others,  are  loa.e 
more  divergent. 

If  you  imagine  B  to  be  the 
eye,  atid  the  ubject  a  h,  seen  t 
.    at  ?,  and  also   nt  x,  double 
the    distance,  will   sot   the  n^  m. 


I 


I  rnya.  while  it 
:   beuuly   of  the 


I  of  ihem; 
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It  never  makes  its  appearance  but  when  a  spectator  is  situated 
between  the  sun  and  the  shower, 

./a.  Is  u  rainbow  occasioned  by  the  falling  drops  of  rain? 

Fa.  Yes;  it  depends  on  the  reflection  and  refraction  of  the 
rays  of  the  sun  by  the  fulling  drops. 

CA.  I  know  now  bow  the  rays  of  the  sun  are  refracted  by 
water.     Are  they  also  rfflccted  by  it? 

Fa.  Yes;  water,  like  glass,  refiects  sor 
traosmits  or  refracts  others.  You  know  t! 
rainbow  coneists  in  ils  colours. 

Ja.  Yes;  "  the  colours  of  the  rainbow" 
expression.  I  have  been  told  that  there  ar 
but  it  isi  seldom  that  so  many  cun  be  clearly  Uistinguishe(L 

Fa.  Perhaps  that  is  owing  to  your  want  of  patience 
will  show  you  the  colours  first  by  means  of  the  prism.     If 
ray  of  light,  s,  be  admitted  into      ^^ 
a  darkened  room,  through  a  aninlL  y^ 
hole  in  the  shutter,  r;/,  its  natural    [S^ 
course  is  along  the  line  to  d;  but    \Si 
if  a  glass  prism,   ae,   be   intro-    fp 
duced,  the  whole  ray  virill  be  bent  j^j^ 
upwards,  and  if  it  be  received  on  pi,.  31, 

any  white  surface,  as  un,  it  will 

form  an  oblong  image,  p  t,  the  breadth  of  which  is  equal  to 
the  diameter  of  the  hole  in  the  shutter. 

Cli.  This  oblong  is  of  different  colours  in  different  parts. 

Fa.  These  are  the  colours  of  the  rainbow. 

Ja.  But  how  is  the  light  which  is  admitted  by  a  circular 
hole  in  the  window  spread  out  into  an  oblong? 

Fa.  If  the  my  were  of  one  uniform  substance,  it  would  be 
equally  bent  upwards,  and  make  only  a  small  circular  image. 
Since,  therefore,  the  image  or  picture  is  oblong,  it  is  inferred 
that  it  is  formed  of  rays  differently  refrangible,  some  of  which 
are  turned  more  out  6C  the  way,  or  more  upwards  than  others; 
those  which  go  lu  the  upper  part  of  the  spectrum  being  most 
refrangible;  those  which  go  to  the  lowest  part  are  the  least 
refnmgible:  the  intermediate  ones  {lossess  more  or  less  re* 
frangibility.     Can  you  distinguiiiJi  tlie  seven  colours? 

Ch.  Yi;9;  here  are  the  violvl,  indigo,  blue,  green,  i/ellotD, 
orange,  and  red. 

Fa.  These  colours  would  lie  still  more  beautiful  if  a.  CiTtoNc.'K. 
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]«n«  wero  interposed,  at  a  proper  €UsUiiee»  between  the  ihutter 
and  the  prism. 

Jo.  How  does  this  applj  to  the  rainbow? 
-  Fa.  Suppose  a  to  be  a  drop 
of  rdin»  and  %d  a  raj  from  the 
ann  fidling  upon  or  entering  it 
at  d!,  it  will  not  go  to  c,  but  be 
vefracted  to  n,  where  a  part 
will  emerge;  but  a  part  also 
will  be  reflected  to  q^  where  it 
will  go  out  of  the  drop,  whichy    ^. 
acting  like  a  prism,  separates  ^— 
^e    raj   into    its    primitive 
colours,  and  the  violet  will  be 
uppermost,  the  red  lowermost. 

€h.  Is  it  at  anj  particular  angle  that  these  colours  are 
formed? 

Fa.  Yes;  thej  are  all  at  fixed  angles:  the  least  refrangible, 
or  red,  makes  an  angle  with  the  solar  incident  raj,  equal  to 
little  more  than  42  degrees;  and  the  violet,  or  most  refran- 
gible raj,  will  make  with  the  solar  raj  an  angle  of  40  degrees: 
thus — the  raj  sd  proceeds  to  fc;  therefore  the  angle  made 
with  the  red  raj  is  ^fq^  and  that  made  with  the  violet  raj  is 
^cq;  the  former  being  42^  2',  the  latter  40°  17'. 

Ch,  Is  this  alwajs  the  cose  whether  the  sun  is  higher  or 
lower  in  the  heavens? 

Fa.  It  is.  but  the  situation  of  the  rainbow  will  vary  ac- 
cording as  the  sun  is  high  or  low;  that  is,  the  higher  the  sun, 
the  lower  will  be  the  rainbow:  a  shower  has  been  seen  on  a 
mountain  bj  a  spectator  in  a  vallej,  bj  which  a  complete  cir- 
cular rainbow  has  been  exhibited. 

Ja.  And  I  remember  once  standing  on  a  loftj  hill  when 
there  was  a  heavj  shower,  and  while  the  sun  shone  very 
bright,  all  the  landscape  beneath,  to  a  vast  extent,  seemed  to 
be  painted  with  the  prismatic  colours. 

Ch.  You  have  not  explained  the  reason  of  the  upper  or 
fainter  bow. 

Fa.  The  two  bows  have  the  name  of  the  primary  and  the 
secondary  rainbow:  the  latter  is  formed  bj  two  refractions  and 
two  reflections.  Suppose  the  raj  Tr  to  be  entering  the  drop 
9  at  r.    It  is  refracted  at  r,  reflected  at  Sy  reflected  again  al  /, 


IIP   THE   EAIMBOW.  451 

and  refracted  aa  it  goes  out  at  u,  wliich  will  account  for  its 
-appearance  to  the  spectator  as  at  g.  Here,  bowerer,  the 
colours  are  reveraed;  the  angle  formed  by  the  red  ray  is  51", 
land  that  formed  by  the  violet  is  54". 

Ja.  Does  the  game  thing  happen  with  regard  to  a  whole 
ahower,  as  you  have  shown  with  respect  to  the  two  drops? 

Fa.  Certunly:  and  by  the  constant  falling  of  the  rain,  the 
image  is  preserved  constant  and  perfect.  Here  ia  the  repre- 
sentation t^  the  two  bows.  The 
lays  come  in  the  direction  sa,  and 
the  spectator  stands  at  E  with  his 
back  to  the  sun,  or,  in  other  words, 
he  must  be  between  the  sun  and  the  ' 
shower.  "*' "' 

This  may  be  illustrated  in  another  way.  If  a  glass  globule 
filled  with  water  be  hung  sufficiently  high  to  appear  red  before 
you,  when  the  sun  is  belund.  let  it  descend  gradually,  and  you 
Trill  see,  in  the  descent,  all  the  other  aix  colours  follow  one 
another.  Artificial  rainbows  may  be  made  with  a  common' 
watering  pot,  but  much  better  with  a  syringe  fixed  to  an 
artificial  fountain;  and  I  have  seen  one  by  spirting  up  water 
from  tlie  mouth.  It  is  oAen  seen'in  cascades,  in  the  foaming 
of  the  wave^  of  the  sea,  in  fountains,  and  even  in  tlic  dew  en 
the  grass. 

Dr.  Lang*vith  has  described  a  rainbow  which  he  observed 
lying  on  the  ground;  the  colours  of  width  were  almost  as 
lively  as  those  of  the  common  rainbow.  It  was  extended 
several  hundred  yards;  and  the  colours  were  so  strong,  that 
it  might  have  been  seen  much  further  if  it  had  not  been  ter- 
minated by  a  bank  and  the  edge  of  a  Held. 

Rainbows  have  also  been  produced  by  the  reflection  of  the 
sun's  beams  from  a  river:  and  Mr.  Edwards  describes  one 
which  must  have  been  formed  by  the  exhalntions  from  the 
city  of  London,  when  tlie  sun  had  beeii  set  twenty  minutes. 

I  may  observe  here  that  the  light  which  passes  through 
drops  of  rain,  by  two  refractions  without  reflection,  will 
appear  strongest  at  the  distance  of  about  twenty-sis  degrees 
from  the  sun,  and  it  will  dimiuisli  gradually  both  ways  as  the 
distance  from  the  sun  increases  and  decreases.  The  same  is 
to  be  understood  of  light  ti-ansuiitted  through  spherical  hail- 
■tonee:  aod  if  the  bail  be  somewhat  flat  instead  of  idwtA^'Cbn 
cio2 


light  truuimtted  tujincreucMintid),  at  m  little  iMsdistaneW 
than  twen^-six  degrees,  u  to  foim  a  halo  abbot  0m  snn  and. 
inooD;  which  halo^  when  the  hailBtonea  are  dnly^  flgtrred,  trill 
fxobMj  be  coloitred — red  withiD,  by  the  least  n&weagOila 
rajra,  and  videt  witboat,  by  those  the  most  i^sngible.  Tha 
li^t  which  pasMS  through  a  drop  of  rain,  after  two  ntrtteliooa,. 
and  two  or  more  reflecdons,  ia  scarcely  Btrmgcnoi^h  to  caosa 
^aeonUebow. 

ja.  I  have  sometimes  noticed  different  otdoofs  fn  Ha. 
elouda  as  well  as  in  rainbowB.    What  is  the  cause  of  Abi 

Fa.  When  vaponrs  are  first  raised  by  the  heat  of  t^  son^ 
each  ungle  particle  has  a  repelling  ferce,  keeping  the  other. 
particlea  at  a  distance,  which  causes  tiie  atmosphere  to  bit 
transparent,  although  the  raponra  are  suspended  in  it,  e»A 
particle  being  too  small  to  cause  reflection:  but  when  the 
vaponrs  ore  condensed  by  cold,  and  the  single  particles  unite 
with  each  other,  and  form  watery  globules  of  different  sizea, 
those  globules,  according  to  their  vni-ious  Nzes,  will  reflect 
some  colours  and  transmit  others ;  thereby  constituting  elouda 
of  different  colours. 

QUESTIONS  lOB  EXAUNATTOK. 


ni «  rmlnbowl  ucn  t —  Bf  wi 


an  Uwri!  In  the  rnlnbDw;  — Cin  roo 
(xplnlD.bjHtl.  «l.  !]owi  ny,  ol  light  li 
dlTMed  bjr  tlie  priim?  — Why  i>  tlie 
Imigc  obloiiR  ? — Show,  bjtlK.  »i.  how 
tbli  liapp1i»b]Flci(>iBnlnboiT.~At 
-tbtt  piirtloaliT  mnitlFi  ire  Ihe  coloois 
ftnncd?  —  Doeg  the  tituitioo  of  tbc 


height  o 


In    proportion   to  Vm 

WD?— It  the  rainbow 

eiei  mta  Bolowthe  iqjdetwor?  —  now 

do  ]iou  aceonntfbr  the  upper  Ixnr* 

Show  bow  It  hippena  by  the  Qgnre. 

By  whit  meuu  la  tlw  lm*(;p  of  Om 
nlnbow  pttMrrert  prrfrct  md  ism- 
Mint?  —  Hoir  art  anlf  '  ' 
produced? 


CONVERSATION  XIX. 

OF     THE     REPRACTIHO     TELESCOPE. 

Faiher.  We  now  come  to  describe  the  structure  of  tel«> 
•copes,  of  which  there  ore  two  kinds, — viz.,  the  refrnctit^ 
and  tbc  reflecting  telescope. 

Ch.  The  rtfrtu^ng  telescope  depends,  I  suppose,  npoo 
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ieiiscx   for  the  operation;    and  the  receding  telescope  acts 
Wiicfly  by  tnefuiK  of  mirrort. 

Fit.  These  are  tlie  general  priiiciples  liy  which  they  are 
diGlinguiahed;  and  we  will  now  devote  a  little  time  to  the  ex- 
planalion  of  the  refracliiig  telescope.  Here  is  one,  completely 
fitted  up. 

Ja.  It  conBiats,  I  ]»ereeive,  of  two  tubes  and  two  glasses. 

Fa.  ITie  tubes  ave  intended  to  hold  the 
gln».^s,  and  to  conline  the  view.  I  will  there- 
fore exphtin  the  principle  by  the  following 
figuitS  in  which  is  represented  the  eye,  a  b,  the 
two  lenses,  mn,  oy,  and  the  object,  xy.  The  * 
lens,  oq,  whiclt  is  nearest  to  the  object, 
called  the  object-glass,  and  that,  mn,  nearest  to 
the  eye,  is  called  the  eye-glass. 

Cii.  Is  the  object.^lass  a  double  convex,  and 
the  eye-glass  a  double  concave  lens? 

Fa.  It  happens  so  in  this  particular  instance: 
but  it  is  not  necessary  that  the  eye-glass  should 
be  concave:  the  object-glass  must,  however,  in 
alt  cases,  be  convex. 

C/i.  I  see  exactly,  from  the  figure,  why  the 
eye-glass  is  concave:  lor  the  convex  lens  con- 
verges the  rays  too  quickly,  and  the  focus  by 
that  glass  alone  would  be  at  e:  and  therefore 
the  concave  lens  ia  put  near  the  eye,  to  make 
the  rays  diverge  so  much  l 
before  they  come  to  a  focus. 

Fa.  But  tlmt  is  Dot  the  only  reason:  by  coming  to  a  focus 
at  B,  the  image  is  very  small,  in  comparison  of  what  it  is 
when  the  image  is  formed  on  the  retina  by  means  of  the  con- 
cave lens.  Can  you  explain  the  reason  of  all  the  lines  which 
you  see  in  the  figure? 

Ja.  I  think  I  can.  There  are  two  pencils  of  rays  flowing 
from  the  extremities  of  the  armw,  which  is  the  object  to  be 
viewed.  Tliu  rays  of  the  pencil,  flowing  from  x,  go  on  di- 
verging till  they  reach  the  convex  lens,  oq,  when  they  will 
■be  so  refracteil,  by  possing  through  the  glass,  as  to  converge, 
and  meet  in  the  point  x.  Now  the  same  may  be  said  of  the 
pencil  of  rays  proceeding  from  y;  and,  nf  course,  of  all  the 


Fig.  It. 

)  throw  them  to  the  retina 
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poioils  of  rajs  flowing  from  the  object  between  jr  and  y.  ft 
that  the  image  of  the  arrow  wouidy  hy  the  convex  lens,  be 
formed  at  e. 

Fa.  And  what  would  happen  if  there  were  no  olhor 
glass? 

Ja,  The  rays  would  cross  each  other  and  be  divergent;  so 
that,  wiien  they  reached  the  retina,  there  would  be  no  distinct 
image  formed,  but  every  point,  as  x  or  y,  woold  be  spread 
over  so  Uu*ge  a  space,  as  to  cause  the  image  to  be  confused.. 
To  prevent  this,  the  concave  lens  mn  is  interposed;  the 
pencil  of  rays  which  would,  by  the  convex  glass,  converge  at 
X,  will  now  be  made  to  diverge,  so  as  not  to  come  to  a  fonu 
till  it  arrives  at  a;  and  the  pencil  of  rays  which  would,  by 
the  convex  glass,  have  come  to  a  point  at  y,  will,  by  the  in* 
tcrposition  of  the  concave  lens,  be  made  to  diverge  so  much 
as  to  throw  the  focus  of  the  rays  to  b  instead  of  y.  It  is  thus 
that  the  image  of  the  object  is  magnified. 

Fa.  Can  you  tell  the  reason  why  the  tubes  require  to  be 
drawn  out  more  or  less  for  different  persons? 

Ch,  The  tubes  are  to  be  adjusted  in  order  to  throw  the 
focus  of  rays  exactly  on  the  retina:  and  as  some  eves  are 
more  convex  than  others,  the  length  of  tlie  focus  will  Vary  in 
different  persons;  and,  by  sliding  the  tube  proportionally  up 
or  down,  this  object  is  obtained. 

Fa.  Refracting  telescoi)es  are  used  chiefly  for  viewing  ter- 
restrial objects:  two  things,  therefore,  are  requisite  in  them; 
the^first  is,  that  they  should  exliibit  the  objects  in  an  upright 
position ;  that  is,  in  the  same  position  as  we  sec  them  without 
glasses;  and  the  second  is,  that  they  should  atford  a  large 
Jield  of  view. 

Ja.  What  do  you  mean  by  a  field  of  view? 

Fa.  I  mean  all  that  part  of  a  landscape  which  may  be  seen 
at  once,  without  moving  the  eye  or  instrument.  Now,  in 
looking  at  the  figure  again,  you  will  perceive  tliat  the  concave 
lens  tlirows  a  number  of  the  rays  beyond  the  pupil,  c,  of  the 
eye,  upon  the  iris  on  both  sides;  but  those  only  are  visible,  or 
help  to  form  an  image,  which  pass  through  the  pupil;  and, 
therefore,  by  a  telescope  made  in  this  way,  tlie  middle  part  of 
the  object  only  is  seen,  or,  in  other  words,  the  prospect  is  vexj 
much  diminished. 

Ch.  How  is  that  remedied? 
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Fa,  Bj  aubstituting  a  double  <mnv ex  eye-glass, 
ijh,  insteml  of  the  concave  one.    Here  the  focus  of/; 
the  ilouble  convex  lens  ie  at  i.,  mid  the  gloas  ghl\ 
must  be  BO  mucli  more  convex  thnu  op,  that  its  \ 
focus  may  be  nlwi  at  e:  for  then  tlie  rays  Uowing 
Irom   the  olyect  Jry,  and  passiug   through  the  i 
otyect  glasa  op,  will  form  the    inverted  imnec  _'JC 
mxd.     Now,  by  iiiterpoeing  the  double  conves'^  * 
gh,  the  imnge  is  thrown  on  the  retina,  and  is  seen 
under  the  large  angle  Dec;  tliat  if,  the  image 
mE(/  will  be  magnified  to  the  size  c  E  D.  •> 

Ja.  Is  not  the  image  of  the  object  in  the  tele- 
scope inverted? 

Pa.  It  is:  for  you  see  that  the  image  on  the 
letina  stands  in  the  same  position  as  the  object; 
but  we  always  discern  olyecta  by  having  the 
images  inverted:  and,  therefore,  whatever  is  seen 
by  telescopes,  constructed  as  this  is,  will  appear 
inverted  to  the  spectator,  wliicL  is  a  very  un- 
pleasant circumstance  with  regard  to  terresti-ial  olijecta.  Ot\ 
that  account  it  is  chiefly  used  for  celestial  obseiTationH. 

Ch..  Is  there  any  rule  for  calculating  the magnilying  power 
of  this  telescope? 

Fa.  Yes:  it  magnifies  in  proportion  as  the  focal  distance 
of  the  object-glass  is  greater  thun  tlie  focal  distance  of  the 
e^e-glaes.  Thus,  if  the  focal  distance  of  the  ubjeot-glass  ia 
tan  inches,  and  that  of  tlie  eyu-glass  only  a  single  inch,  tlie 
telescope  inognifiea  the  diameter  of  an  object  tuji  times;  onti 
the  whole  surface  of  tlw  object  will  l>e  magnified  a  liundred 

Ch.  Will  any  small  bright  object  appear  a  hundred  times 
larger  through  this  telescope  than  it  would  by  the  naked 
«ye? 

Fa.  Tele-scopes,  in  general,  represent  terrestrial  objects  to 
be  nearer  and  not  larger.  Thus,  looking  at  any  object  a 
hundred  yards  distant,  it  will  not  appear  to  be  larger,  but  Its 
distance  will  appear  to  be  no  more  Ilian  a  single  yard. 

Ja.  Is  there  no  advantage  gained  if  the  focal  distance  of 
tbe  eye-glass  and  that  of  the  object-glass  bo  equal? 

Fa.  None:  and  therefore,  in  teleat^opes  of  this  kind,  we 
have  only  to  increase  the  focal  distance  of  the  ol^eot-glaU) 
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and  to  diminish  the  focal  distance  of  the  eje-glan^  to  angiiMit 
the  magnifying  power  to  almost  anj  degree. 

Ck,  Can  70U  cany  tills  principle  to  anj  extent? 

Fa.  Not  altogether  so.  An  ohject-glau  of  ten  feet  fiied 
distance  will  require  an  eje-glass  whose  focal  ilifynffff  is 
rather  more  than  two  inches  and  a  half:  and  an  object-giMi 
with  a  focal  distance  of  a  hundred  feet  must  have  an  eye-glttB 
whose  focus  must  be  about  six  inches  from  it.  CSan  joa  t&l 
me  how  much  each  of  these  glasses  will  magnify? 

Ch,  Ten  feet,  divided  bj  two  inches  and  a  hall^  give  for  t 
quotient  forty-eight;  and  a  hundred  feet,  divided  by  ax. 
inches,  give  two  hundred:  hence  one  magnifies  48  times^  tad 
the  other  200  times. 

Fa,  Refracting  telescopes,  for  viewing  terrestrial  objects,  in 
order  to  show  them  in  their  natural  posture,  are  usuidly  coa- 
structed  with  one  object-glass  and  three  eye-glasses;  the 
focal  distances  of  these  last  being  equaL 

Ja,  Do  you  make  use  of  the  same  method  as  you  did  in  the 
last  in  calculating  the  magnifying  power  of  a  telescope  con- 
structed in  this  way? 

Fa.  Yes:  the  three  glasses  next  the  eye  having  their  focal 
distances  equal,  the  magnifying  power  is  found  by  di riding 
the  focal  distance  of  the  object-glass  by  the  focal  distance  <^ 
one  of  the  eye-glasses. 

Ch,  What  is  the  construction  of  opera-glasses  generally 
used  at  theatres  and  concerts? 

Fa,  The  opera-glass  is  nothing  more  than  a  short  re- 
fracting telescope. 

The  night  telescope  is  not  more  than  two  feet  long.  It 
represents  objects  inverted,  much  enlightened,  but  not  greatly 
magnified ;  and  it  is  used  to  discover  objects  not  very  distant 
but  which  cannot  otherwise  be  seea  from  the  want  of  suf- 
ficient light 

QUESTIONS  FOE  EXAMINATION. 


How  many  kinds  of  telcsoopos  are 
there  ?  —  What  is  the  principle  of  each  ? 
—  Of  what  does  the  refhtcting  tele- 
aeope  consist  ?  —  For  what  arc  tubes 
meant  ?—  Explain  tlie  construction  of 
that  represented  in  fig.  34.  —  What  is 
the  form  of  theol^cct-glass  ? — Try  and 
•zpUin  the  aereral  Unet  in  the  ligure. 


—  Why  is  it  necessary  to  draw  cot  tte 
tubes  of  a  telescope  to  adapt  the  tele- 
scope to  the  eyes  of  different  pe<^e?— > 
For  what  are  refracting  telescopea  used, 
and  what  are  the  necessary  requisites  in 
them  ?—  What  is  meant  by  the  field  of 
view  ?  —  Can  you,  by  fig.  85,  ahow  bow 
the  field  of  view  is  increaaed  ?  —  How 
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Ii  the  raigntiyiiiK  power  of  •  MeKnpe  I  tcliscopH,  Intended  tor  Tl 
cmlcalittd? — Do  lelooopn  niiroml  Irint  ottlccW.  coDilnicbx 
leiTia(ri»l  objMti  nranr  or  lorgtrr  —  I  know  how  im  opem-gliiM 
Bow  1>  the  nrngnlfying  power  of  ■  ttJu-  I  ud  ?  —  Wli»l  it  meuit  hy 
■cope  iacxvMtvXf  —  liow  UB  refnctiag  |  scope? 


I  nlght-Iele- 


CONVERSATION  XX. 

OF  KEKLECTING  TELESCOPES. 

Father.  This  ia  u  telescope  of  ft  different  kin  J,  nnd  is  called 
m  Tfjtectiurj  telescope. 

Ch.  What  advantages  doea  the  reflecting  telescope  possess 
over  that  which  you  described  yesterday? 

Fa.  The  great  inconvenience  attending  refracting  tele- 
scopes ia  their  length;  and  on  that  account  they  are  not  veiy 
much  used  when  high  powers  are  i-equired.  A  reflector  of 
eix  feet  long  will  magnify  as  much  as  a  refractor  of  a  hundred 
feet. 

Ja.  Are  these,  like  the  refracting  telescopes,  made  in 
various  ways? 

Fa.  They  were  invented  by  Sir  Isaac  Newton,  but  ihey 
have  been  grattly  improved  since  hia  time.  Tlie  following 
figure  will  lead  to  a  descriptioa  of  one  of  those  most  in  Ufic. 


You  know  that  there  is  a  great  similarity  between  convex 
lentrs  and  etmeavc  mirrors. 

Ch.  They  both  form  an  inverted  focal  image  of  any  remote 
object,  by  the  convergence  of  the  pencib  of  rays. 

Fa.  In  instruments,  the  exliibitioni>  of  which  are  the  effects 
of  reflection,  the  concave  mirror  is  substituted  for  the  convex 
lens:  TT  (fig.  36)  represents  the  large  tube,  and  tt  the  small 
tube  of  the  telescope,  at  one  end  of  which  is  d  p,  a  concave 
nuiTor,  with  a  bole  in  the  middle  at  p,  the  prindpal  focus  of 
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which  iB  at  ik:  opposite  to  the  hole  F  fa  •  wmmB.  mlna^  l| 

concave  towards  the  great  one.    It  is  ftaoed  on  »  itrang  vinfi 
M,  and  maj.  by  means  of  a  bng  scraw  on  tlia  ovuirida  ef  lb 

tube,  be  mode  to  move  backwards  or  ibrwajpcbs  a  aba  leMU 
object,  from  which  rajs  will  flow,  to  the  great  minrar  df. 

Ja,  And  I  see  jou  have  taken  from  a  pencil  of  rays  cdjf 
two  from  the  top,  and  two  rays  from  the  bottiHiu 

Fa.  And  in  order  to  trace  the  progress. oC.t)fte  refledkii 
and  refractions,  the  upper  rays  are  represented  bj  full  Jam; 
the  lower  ones  by  dotted  lines.  The  rays  «t  C  and  a,  fidinf 
upon  the  mirror  at  d  and  f,  are  reflected,  and  form  an  lavertBi 
image  at  m. 

Ch.  Is  there  anything  there  to  reoeiTe  the  image?  > 

Fa,  No:  and  therefore  they  go  on  towards  the  reiiectoc  M 
the  rays  from  diffiarent  parts  of  the  olject  eroaaiiig  M 
another  a  little  before  they  reach  l. 

Ja,  Does  not  the  hole  at  p  tend  to  distort  the  image? 

Fa,  Not  at  all:  the  only  defect  is,  that  there  is  less  Ugfati 
From  the  mirror  l  the  rays  are  reflected  nearly  pariJU 
through  p:  there  they  have  to  pass  the  plano-convex  lens  i| 
which  causes  them  to  converge  at  a  by  and  the  image  is  Acyw 
painted  in  the  small  tube  near  the  eye. 

Ch,  For  what  purpose  id  the  other  plano-convex  le|is»  s? 

Fa,  Having,  by  means  of  the  lens  r,  and  the  two  concave 
mirrors,  brought  the  image  of  the  object  so  near  as  at  a  6,  wo 
only  want  to  magnify  the  image. 

Ja,  This,  I  see,  is  done  by  the  lens  s? 

Fa,  It  b,  and  wiU  appear  as  large  as  ed;-  that  is»  the 
image  is  seen  under  the  angle  cfd, 

Ch,  How  do  you  estimate  the  magnifying  power  of  the  re- 
flecting telescope? 

Fa,  The  rule  is  this:  "Multiply  the  focal  distance  of  the 
large  mirror  by  the  distance  of  the  small  mirror  from  the 
image  m :  then  multiply  the  focal  distance  of  the  small  mirror 
by  the  focal  distance  of  the  eye-glass,  and  divide  these  two 
products  by  one  another,  and  the  quotient  is  the  magnifying 
power." 

Ja.  It  is  not  probable  that  we  should  know  all  these  par» 
ticulars  in  every  instrument  we  may  possess. 

Fa.  By  the  following  method,  however,  you  may  find  tiis 
same  thing  by»  experiment,     "  Observe  at  what  distanos  yoa 
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eaa  rend  any  book  with  tbe  nalfed  eye,  and  then,  removing 
the  book  to  the  farthest  distance  bi  which  you  cim  di»linct]y 
read  by  means  of  the  telescope,  divide  the  latter  by  the 
fomjer." 

Ch.  Did  not  Dr.  Herschel  construct  a  very  large  reflecling 
telescope? 

Fa.  Yea;  the  tube  of  his  large  telescope  was  nearly  40  feet 
kmg,  and  4  feet  10  inches  in  diameter.  The  concave  surface 
of  the  great  mirror  was  48  inches  of  poliahod  aurfoce  in  dia- 
meter, 3^  inches  thick,  weighed  21ISlbs.,  and  magnified 
6400  times.  This  immense  instrument  occupied  four  years 
in  its  construction,  and  was  finished  Aug  28,  ITSDj  on  which 
day  was  discovered  the  sixth  satellite  of  Saturn.  Lately,  how- 
ever, a  considerably  larger  one  has  been  constructed  by  I^rd 
Sitss. 

Ch.  Are  not  telescopes  subject  to  certain  imperfections? 
■.  Fa.  Yes:  in  reflecting  telescopes  the  imperfections  arise 
principEilly  from  the  tarnishing  of  the  metal  specula  employed 
in  them,  and  the  difficulty  of  giving  them  the  true  figurcj  for 
an  error  in  a  reflecting  surface  affects  tbe  direction  of  the 
rays  much  more  than  a  like  error  in  arefracting  surfiw'e. 

Id  refractjtig  telescopes,  cerbun  of  the  rays  of  light  are 
more  refracted  than  otiiers;  in  consequence  of  which  the 
object  appears  indistinct,  and  encircled  by  a  ring  of  variously 
intermingled  colours;  this  imperiection,  however,  after  very 
many  experiments,  was  rem«died-  by  the  celebrated  Dollond, 
who  constructed  objeet'glasses  to  a  groat  niocty,  and  the  moBt 
nearly  approaching  the  achromutlc  powers  of  the  human  eye^ 
unce  his  time  the  sul^ect  of,  light  lias  been  so  much  studied, 
and  the  science  so  much  improved,  that  achromatic  glasses  are 
manufactured  extensively  buth  at  home  and  abroad.  These 
glasses  are  said  to  depend  principally  on  the  mistm-e  of  proper 
quantities  of  flint  and  other  materials  used  in  tbe  nianufacluro 
Of  glass. 

CA.  What  is  the  meaning  of  ihc  term  achromatic? 

Fa.  It  is  derived  from  the  Greek,  the  particle  a  (a), 
meaning  "  without,"  and  chroma  (xp«("i)t  meaning  "  colour;" 
that  i^  want  of  colour. 

Cfi.  Why  was  Dr.  Herschel's  telescope  placed  in  the  open 
air  instead  of  within  a  building? 

Fa.  The  reason  ^ven  by  a  very  enlightened  astronomer. 
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Mr.  Anberty  is,  that  the  undtilftti<mof  the  air  ifl  grestest 
the  telescope  is  confined  within  a  room:  for  the  tempermtme 
of  the  room  being  seldom  correspondent  with  that  whidi  is 
out  of  doors,  there  is  almost  always  a  considerate  aodolatkMi 
produced  at  the  window,  where  the  streams  of  hot  and  cM 
air  combine.  For  this  reason,  nndoubtedlj,  Herscfael  pre* 
ferred  that  situation. 

Ch,  What  is  this  undulaiian^  and  whence  does  it  proceed? 

Fa.  Exhalations  arising  from  the  earth  have  always  an  on- 
duladng  or  rolling  motion,  like  the  waves  of  the  sea,  car  like 
that  of  steam;  so  that  objects  seen  through  them  appear  to 
tremble  or  quiver,  as  is  evident  to  the  naked  eye  when  we  look 
stedfastly  at  distant  objects  in  a  hot  smnmer  day. 

The  telescope  is  thought  to  have  been  invented,  or  rather 
described,  by  Roger  Bacon,  about  1250;  and  it  appears  that 
none  were  const^cted  till  one  Metius,  at  Alkmaer,  and 
Jansen,  of  Middleburgh,  made  some  between  1590  and  1609. 
The  name  is  derived  from  two  Greek  words,  tele  (rifXe)^ 
"  distant,"  and  scapeo  {ai:ox€(a),  "  I  see." 

QUESTIONS  FOR  EXAMINATION. 

What  are  the  peculiar  advantages  of 
a  reflecting  telescope?  —  Can  yon  point 
out  tlie  construction  of  one  by  referring 
to  fig.  86  ?  —  How  is  the  magnifying 
power  of  the  reflecting  telescope  esti- 


mated ?  —  How  is  that  done  hj 
ment? —  What  is  the  sixe  of  Dr. 
Herschel's  grand  telescope,  and  IfeOfw 
many  times  does  it  magnify  ? 


CONVERSATION  XXL 

OP    THB    MICROSCOPE ITS    PRINCIPLES  —  OF    THE    SINGLE 

MICROSCOPE OF  THE  COMPOUND  MICROSCOPE OF  THB 

SOLAR  MICROSCOPE. 

Father,  We  will  now  describe  the  microscope ;  which  is  an 
instrament  for  viewing  very  small  objects.  Yon  know  that, 
in  general,  persons  who  have  good  sight  cannot  distinctlj 
view  an  object  at  a  nearer  distance  than  about  six  inches. 

Ch,  I  cannot  read  a  book  at  a  shorter  distance  than  that ; 
but  if  I  look  through  a  small  hole,  made  with  a  pin  or  needle 
in  a  sheet  of  brown  paper,  I  can  read  at  a  very  small  dis- 
tance indeed. 

Fa.  You  mean,  that  the  letters  appear,  in  that  case,  very 
much  magnified:  the  reason  of  which  is,  that  you  are  able  to 


1  leiiK  to  ilie  A  c 

n  by  the  un-  t" — -^ 

r  of  a  certain  I  | -;: 

ed  as  at  c  D,  Ij %■■-'''' 
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see  at  s  mnch  shorter  distance  in  tliis  way  thnn  you  can  with- 
out the  interventioa  of  the  paper.  Whatever  instrument,  or 
contrivance,  can  render  minute  objects  visible  and  distinct,  is 
properly  a  microscope. 

Ja.  If  I  look  through  the  hole  in  the  paper,  at  the  distance 
or  live  or  six  inches  Ironi  the  print,  it  is  not  magnilied. 

Fa.  No;  the  object  must  be  brought  near,  to  increase  the 
angle  hy  which  it  is  seen.  This  ia  the  principle  of  all  micro- 
scopes, from  the  single  leiiK  to  the 
most  compound  instrument, 
represent  an  n 
aided  eye,  it  will  appear  o 
magnitude  ;  but  if  placed  a 
it  will  appear  nearly  twice  as  Inrge, 
being  seen  under  nearly  twice  the  angle,  for  the  angle  c  D  e  is 
nearly  twice  as  great  as  the  angle  a  ti  e. 

Ch,  Then  the  hole  in  the  curd,  although  it  produces  tho 
same  effect  as  a  lens,  cannot  act  in  the  same  manner. 

Fa.  No.  The  light,  on  pa-fsing  through  it,  is  not  affected 
by  any  refracting  medium,  because  it  simply  passes  through 
the  air.  But  the  hole  serves  the  purpose  of  a  stop  or 
diiiphragm,  excluding  all  those  lateral  rays  which  would 
Otherwise  enter,  and  render  the  image  confused. 
Ch.  Docs  the  single  microscope  consist  only  of  a  lens? 
Fa.  It  may  consist  of  one  or  more  lenses;  buf  the  object  is 
seen  through  it  directly:  hy  means  of  a  lens,  a.  great  number 
of  rays  proceeding  from  nn  object  are  united  in  the  same  sen- 
sible point;  and  as  each  my  carries  with  it  the  image  of  the 
point  whence  it  proceeded,  all  the  rays  united  must  form  an 
image  of  the  ohjeet. 

Ja.  Is  tlie  image  brighter  in  proportion  as  there  are  mors 
rays  united? 

Fa.  Certainly:  and  it  is  more  distinct  in  propoitlon  as 
their  njitiind  order  is  preserved.  In  other  words;  a  single 
microscope  or  lens  removes  the  confusion  that  accompanies 
oltjects  when  seen  very  near  by  the  naked  eye;  and  it  mag- 
nifies the  diameter  of  the  object  in  proportion  as  llie  focal 
distance  is  le-w  than  the  limit  of  distinct  vision,  which  we 
may  reckon  from  about  six  to  eight  inches. 

Ch.  If  the  fucal  distance  of  a  reading-glass  be  four  inches, 
does  it  magnify  the  diameter  of  each  letter  only  twice? 


-  Fa.  Te0:  bat  the  koaet  used  in  wicrogcopei  ava 
more  thin  \  or -^  or  even  ^  part  of  an  inch  m 

Ja.  And  in  a  donUe  ocnTex  the  fiwal 
equal  to  the  radius  of  convexity. 

Fa,  Exactly  ao;  now  tefl  me  bow  nmch  lenaaa  of  ^ -I,  ani 
•^  of  an  inch  each,  will  magnif  j. 

Jo.  That  is  readily  done,  by  dividing  8  inche%  the  limHof 
distinct  Tision,  by  ^  ^,  and  ^ 

Ch.  And  to  divide  a  whole  nnmber,  as  8,  by  a  ftnetioii,  m 
1,  kc.f  is  to  multiply  that  number  by  the  denoniimitor  of  thi 
fraction:  of  course,  8  multiplied  by  4,  gives  32;  tlisit  is^  lia 
lens,  whose  radius  is  a  ^  of  an  inch»magnifie8thediaflaelvc( 
the  object  32  times. 

Ja.  Therefore  the  knses,  of  which  the  radii  are  4-  and  ^ 
wUl  magnify  as  8  multiplied  by  8,  and  8  mnltipljed  by  20; 
that  is,  the  former  will  magnify  64  times,  thelatter  IGOtimH 
the  diameter  of  an  object 

Fa,  You  see,  then,  that  the  smaller  the  lens,  the  greater 
its  magnifying  power.  Dr.  Hooke  says,  in  his  work  on  the 
microscope,  that  he  has  made  leoses  so  small  as  to  be  abk^ 
not  only  to  distinguish  the  particles  of  bodies  a  million  ijm^ 
smaller  than  a  visible  point,  but  even  to  make  those  visible  of 
which  a  million  times  a  million  would  hardly  be  equal  to  the 
bulk  of  the  smallest  grain  of  sand. 

Ch.  I  wonder  how  he  made  them. 

Fa.  I  will  give  you  his  description.  He  first  took  a  veiy 
narrow  and  thin  slip  of  clear  glass,  melted  it  in  the  flame  of  a 
candle  or  lamp,  and  drew  it  out  into  exceedingly  fine  threads. 
The  end  of  one  of  these  threads  he  melted  again  in  the  flame, 
till  it  ran  into  a  very  small  drop,  which,  when  cool,  he  fixed 
in  a  thin  plate  of  metal;  so  that  the  middle  of  it  might  be  di- 
rectly over  the  centre  of  an  extremely  small  hole  made  in  the 
plate.     Here  is  a  very  omvenient  single  microscope. 

Ja.  It  does  not  seem,  at  first  sight,  so  simple  as  those  which 
you  have  just  now  described. 

Fa.  A  is  a  circular  piece  of  brass, 
(it  may  be  made  of  wood,  ivory,  &c.) 
in  the  mi<l(lle  of  which  is  a  very 
small  hole;  in  this  is  fixed  a  small 
lens,  the  focal  distance  of  which  is  a  d; 
at  that  distance  is  a  pair  of  pliers,  n  e,  Fig.  39. 
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which  rany  be  sctjmteii  bj  the  eliding  screw,  and  opened  hy 

means  of  two  little  etuds,  ae;  with  these  any  small  oLject  may 
be  taken  up  and  viewed  with  the  eye  placed  in  the  other  focus 
of  the  lena  at  f,  to  which  it  will  nppear  magnified,  na  nt  i  m. 
CA.  I  see,  by  the  joint,  that  it  ia  made  to  fold  up. 
Fa.  It  is:  and  may  be  put  into  a  case,  and  carried  about  in 
Aie  pockcti  witltout  any  inrumbrance  or  ineonvenieace.     Let 

r     US  now  look  at  a  double,  or  compound,  microscope. 

I        Ja.  How  many  ginases  are  there  in  this? 

I        Fa.  Thoi-e  are  two;  and  the  construction  of  it  may  be  seen 

[  Ity  this  figure:  crfis  called  the  object-glass,  and  ~ 

«/ the  eye-glass.     The  fimall  object,  a  i,  is  placed  i 
a  little  further  from  the  glass  c  d  than  its  jirinci 
pal  focus;  so  that  the  pencils  of  rays  flowing, 
from  the  diffeivnt  points  of  the  object,  and  passing 
through  the  glass,  may  be  made  to  converge  and 
unite  in  as  many  points  between  g  and  h,  where  i 
the  imnge  of  the  object  will  be  formed.     This 
imago  is  viewed  by  the  eye-glasa  ej\  which  is  so 
placed  that  the  image  gh  may  be  in  the  focus, 
and  the  eye  at  abont  an  equal  ilistonce  on  the 
other  side:  the  rays  of  each  pencil  will  he  paral- 
lel after  going  oat  of  the  eye-glass,  as  at  e  and/,       rig.  «o. 
till  they  come  to  the  eye  at  k;  by  the  humours  of 
which  they  will  be  converged  and  collected  into  potntaon  the 
retina,  and  form  the  large  inverted  image  A  B, 

Ch.  Pray,  Fapu,  how  do  you  calculate  the  magnifying 
power  of  this  microscope? 

Fa,  There  are  two  proportione,  which,  when  found,  are  to 
be  multiplied  into  one  another.  (1)  As  the  distance  of  the 
imnge  from  the  object-glass  is  greater  than  its  diatanee  from 
the  eye-glass;  and  (2)  as  the  distance  from  the  object  is  less  thau 
the  limit  of  distinct  vision:  thus — If  the  distance  of  the  image 
from  the  object-glass  be  4  times  greater  tlian  from  the  eye- 
glass, the  magnifying  power  of  4  is  gained;  and  if  the  fma) 
distance  of  the  eye-glass  be  one  inch,  and  the  distance  of  dis- 
tinct vision  be  considered  as  7  inches,  the  magnifying  power 
of  7  is  gained,  and  7x4  gives  28;  that  is,  the  diameter  of 
the  object  will  be  magnified  2S  times,  and  the  surface  will  be 
magnified  784  times, 

Ja.  Do  you  mean  that  an  object  through  such  a  microscopa 
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vfll  appeu-  784  times  larger  thu  If  It  mm 
nakedeje? 

Fa.  Yes,  I  do:  provided  tlie  limit  of  dirttBct  vioioatof 
inchee:  bat  some  persons,  who  are  short-fligbted,  c^  tM  A 
distinctlj  at  5  or  4  inches  as  another  can  at  7  or  (f.  l>»ib 
former  the  object  will  not  appear  ao  large  as  to  the  liftu   " 

How  much  will  a  microscope  of  this  kind  magnify  to-tktt 
different  persons,  whose  ejea  are  so  formed  aa  to  see  dbtbtUlf 
at  the  distance  of  6,  7,  and  8  inebea  ^rf  the  naked  vj9.  My- 
posing  the  image  of  the  otgeet-^ass  to  be  flT«tinMBaadlriM 
as  frc^  the  eye-glass,  and  the  fbcal  distanes  of  llie  njii  gli 
to  be  onlj  the  tenth  part  of  an  inch? 

Ck.  As  five  is  gained  hj  tiie  distances  between  ihagkmm^ 
and  GO,  70^  and  80,  b^  the  eje-glass,  the  msgniMiigr  poM« 
wiU  be  as  300,  3S0,  and  400. 

'    Ja.  How  is  it  that  60,  70,  and  even  80  are  gaiiMd  hf  ttl 
eje-glass? 

Ch.  Because  the  distances  of  distinct  vision  are  put  at  ^  7, 
and  8  inches;  and  these  are  to  be  divided  by  the  focal  distaaea 
of  the  eye-glass,  or  by  -^^i  but,  to  divide  a  whole  number  by 
a  fraction,  we  must  multiply  that  number  by  the  denominstor, 
or  lower  figure  in  the  i'raclion:  therefore  the  power  ga)i»>d  by 
the  distance  between  the  two  glasses,  or  5,  must  be  multiplied 
by  60,  70,  or  80.  And  the  surface  of  the  object  will  be  maif 
uified  in  proportion  to  the  square  of  300,  350,  or  400,  that  i^ 
as  90,000,  122,500,  or  160,000. 

Fa.  We  come  now  to  the  solar  microscope,  wliich  ia  by  far 
the  most  entertaining,  because  the  image  is  much  lai^r,*Rn4 
being  thrown  on  a  sheet,  or  other  white  surface,  may  be 
viewed  by  many  spectators  at  the  same  time,  without  any 

fatigue  to  the  eye.     Here  is  one  fixed  in  the  window  shutter. 

I  can,  however,  best  i:>xplain  its  construction  by  a  figure. 
Ja.  There  is  a  looking-glass  outside  the  window. 
Fa.  Yes;   It  con-  i  a  b       , 

sistsofalooking-gl  ass, 

s  o,  without,  the  lens 

o  ft  in  the  shutter  d  v, 

and  thelcnsnniwith'  ^ 

in    the    dnrk 

These  tlirec  ports  are 

united  to  a  brass  tub^ 
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and  placed  within  it.  The  looldng-glaas  caa  he  tiii-ned  hy 
the  uilj listing-screw,  so  as  to  rccclvu  tlii;  incident  raya  ol'  the 
sun,  s  9  8,  luid  reflect  them  throuj;li  the  tube  into  the  room. 
'Die  lens  a  £  collects  those  mys  into  a  focus  at  nm.wliere 
there  is  another  magniiier:  there,  of  course,  the  rays  cross, 
and  diverge  to  the  white  screen  on  which  the  image  of  the 
object  will  be  painted. 

Ch.  I  see  the  object  is  placed  a  little  behind  the  focus. 
I        Fa.  If  it  were  in  the  i'oeus,  it  would  be  burnt  to  pieces 
I  immediately.     The  magnifyin;;  power  of  tliis  instrnmeut  de- 
pends on  the  distance  of  the  sheet  or  white  screen:  about  10 
feet  is,  perhaps,  as  good  a  distance  as  any.     You  perceive 
tliDt  the  size  of  the  image  is  to  that  of  the  object  as  the  dis- 
tance of  the  former  from  the  lena  n  ni  is  to  that  of  the  latter. 
Ja.  Then  the  nearer  the  object  to  the  lens,  and  the  further 
lie  screen  from  it,  the  greater  the  power  of  this  niicroncope. 

fa.  Certainly:  and  if  the  object  he  only  half  an  inch  from 
tike  lens,  and  the  screen  nine  feet,  the  image  will  be  46,656 
I  4imti3  larger  than  the  object.     Do  you  understand  this? 

C/i.  Yes;  the  object  being  only  lialf  an  inch  from  the  lens, 
L  ^d  the  image  9  feet  or  108  inches,  or  216  half  inches,  the 
I'  -diameter  of  the  image  will  he  216  times  hirger  than  the  dia- 
meter of  the  object;  and  this  numbej-  multiplied  into  itself 
will  give  46,656. 

Fa.  This  instrument  is  only  calculated  to  exhibit  transpa- 
rent objects,  or  such  as  the  liglit  can  pass  through.  For 
opaque  olyccts,  the  other  kind  of  mitToscope  is  used. 

CA.  What  is  the  meaning,  Papa,  of  the  word  microscope? 
Fa.  It  is  derived  fi-om  two  Gi'cek  words,  micros  {/m-poc), 
"  small,"  and  leopeo  (m-oirtu),  "  I  see."  And  remember  that 
the  roost  convex  lenses,  having  llie  shortest  lengtli  of  parallel 
rays,  magnify  the  most,  as  they  permit  the  object  to  approach 
nearer  the  eye  than  those  of  a  flutter  kind. 

A  drop  of  water  is  a  micros(-o];ie:  for  if  a  small  hole  be 
made  in  a  plate  of  metal  or  any  i,ther  thin  substance,  and 
carefully  filled  with  a  drop  of  M'liter,  small  objects  may  be 
seen  through  it  very  distinctly,  mid  much  magnified. 

CA.  How  are  the  compound  portable  microscopes  con- 
structed? 

Fa.  They  are  usually  made  In  (■onsi^t  of  an  object  iens,  by 
wbiob  the  image  is  formed,  cn1:n;.'cil,  and  inTcrted,  an  am- 
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^^iiying  lent,  bj  which  the  Add  of  viedr  Is  enklged} 
cje^lass  or  lens,  by  means  of  which  the  eye  is  Idbwai  li 
•pproach  Yery  nesr,  snd  ccmseqaentlj  to  rieir  the  iafi 
under  a  yerj  great  angle  of  i^parent  magnitiidb. 

Ck.  Why  is  it  that  Uie  mierosoopes*  aoir  ioU  svs  • 
expensive  r 

Fa,  On  acoonnt  of  the  labcMious  accmfSj  vaquifod  in  lUk 
construction;   and  this  falls  prindMlly  upon  tiia  ol|jei^ 

glasses.    In  the  older  microBCope%  tne  trlrjtint  glaw --^ 

of  a  simple  lens,  the  image  fomwd  bj  whreh  is  i^ 
nifled  by  the  eye-piece  or  eye-glass ;  whilst  in  the 
instruments,  which  have  attained  a  suipriring  Jsgm  rf 
perfection,  tiie  object-glass  consists  genonuly  of  at  lauit  rfs 
pieces  cemented  together  in  pairs. 

(3k.  Is  this  really  necessary? 

Fn.  It  is.  I  have  stated  to  you  how  cxmrmi  Ifmics  ttfi^ 
the  rays  of  light  to  a  focus,  and  so  long  as  convex  hoses 
are  used  as  simple  microscopes  only,  this  is  found  to  be  true; 
but  when  the  image  formed  by  simple  lenses  is  magnified  lij 
an  eye-glass  or  eye-piece,  as  in  the  compound  microscope^ 
defects  become  visible  to  such  an  extent,  that  although  greet 
magnifying  power  is  obtained,  the  image  is  confused,  and 
accompanied  with  colours  which  do  not  belong  to  the  objects 
viewed. 

d.  What  is  the  cause  of  this  ? 

Fa.  These  defects  arise  from  two  causes :  1st,  the  impos- 
sibility of  grinding  the  surfaces  of  the  lenses  to  such  a  form 
that  all  the  rays  may  converge  to  an  exact  focus  ;  this  im- 
perfection is  called  spherical  aberration;  and  2ndlj,  the 
fact,  that  as,  in  accordance  with  what  I  have  told  you,  the 
different  colours  of  which  white  light  consists  do  not  possess 
the  same  degree  of  refrangibility,  they  become  separated  on 
passing  through  the  lens,  and  thus  give  rise  to  coloured 
images :  this  is  called  chromatic  aberration  or  dispersion^ 

Ch.  And  how  are  they  prevented  ? 

Fa.  By  constructing  the  lenses  of  which  the  object-glass 
Is  composed  of  pieces  of  such  kinds  of  glass  cemented 
together  as  possess  difierent  refractive  and  dispersive  powers, 
whereby  the  error  from  too  great  refraction  in  one  piece  is 
compensated  or  corrected  by  the  less  refraction  in  the  next* 
Glasses  thus  corrected  are  called  achromatic 
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Ch.  Who  discovered  the  melliod  of  making  tbe  Dbjecl* 
glasses  of  compound  laicroscopes  aiihromatic .' 

Fa.  This  honour  is  due  to  Mr.  Lister.  It  is  true  that  the 
Bubje4;t  of  acbrornKtism  had  occupied  tbe  attention  of  many 
of  the  most  profound  philosophers  of  Europe,  most  of  whom 
investigated  it  tbeoreticallj,  bat  the  paper  of  Mr,  Lister, 
which  was  read  before  the  Eoyal  Society  in  1839,  nude 
known  tbe  method  of  overcoming  the  difficulties  which  had 
hitherto  existed,  and  laid  the  foundation  of  the  perfection 
which  they  have  now  attained.  Another  immense  Bdvania«:e 
which  achromatic  glasses  have  over  simple  lenses,  is  that  in 
consequence  of  the  correction  of  the  spherical  and  chromatic 
aberrations,  a  much  larger  pencil  of  light  is  alloned  to  pass 
through  them,  or,  as  it  is  said,  they  have  a  larger  angulur 
aperture.  Hence  the  objects  are  seen  much  more  brightly 
and  distinctly  through  them. 

Ch.  Is  any  real  use  made  of  the  microscope  ? 

Fa.  Most  certainly.  The  advantages  derived  from  it  bare 
been  very  great  and  very  numerous.  In  addition  to  the  vast 
insight  it  has  given  us  into  the  nature  of  the  minute  strnc- 
lures  and  uses  of  the  various  parts  of  plants  and  animals  ;  n 
baa  been  applied  to  the  detection  of  adulterations,  and  in  fact 
to  the  detection  of  the  nature  of  substances  in  general.  For 
when  the  application  of  a  few  chemical  tests  is  combined 
with  microscopic  examination,  the  tests  being  applied  under 
the  microscope,  tbe  nature  of  the  most  minute  portions  of 
any  substance  may  be  determined  with  certainty. 

QC£3ri059  FOB  EXAIOXATION. 

For  whu  ti  Oil  mknacciiia  atcd  ? —  Bionacoptf  —  Cu  joa  (xplilB  the 
Wbj  <to  Biaate  otjlceti  mpinr  mmc-  conMnctiaa  bj  tf.  IV  S-How  ii  the 
niOed  hf  viewing  them  tJiroaghmanAl}  mifslfjiDf  power  of  Ihe  ronptniiiil 
bats' — Whjr  it  DM  the  ol^ect  mag-  olcreMOpe atcaUl«d ? — Explain  the 
nilfd  IT  JOB  look  Umaib  tbe  bole  at  iimeinR  at  (be  lolir  miuwoetK-  — 
Krae  iDOliM  diMantbna  the  prist  ?i —  Upon  what  doei  Ihe  nutnirj'inii  power 
Explain  thia  Iqr  Bp.  IT  iDd  S9. — Of  of  ltd)  Initnmnt  drpend  >  —  For 
wbaldoeathediigleBlgracoiieeDUlflT  what  porpnae  ii  it  calnlatcd F — 
—What  ulTanlage*  an  derfred  thnn  vrbj  an  tlK  modBrn  ntieKwopc*  » 
tbia  laatnaiat.  and  whjr*^ — Thai  ia  exprniiTe? — Wbal  ii  ipbetieal  atnr- 
tbe  nile  tar  llndlng  Ibe  ma^ifying  ralion? — WhallichrnniatiealKiTatiga 
powrt  of  a  rtading.j1a«« — To  what  or  ditpmioB? — How  an  th««e  Mr- 
extent  baa  Dr.  Hooke  carried  the  reeled  Id  the  ottject  fiima  of  aar  |i*«- 
powen  of  IIhk  leuesf— DeKTlb*  the  KDt  mlcroecups? — What  ia  sieant  ttf 
nwde  of  nuUdS  imall  leuea.— How  aehroniaiiini  ?— Of  iriwt  nal  ue  it  Um 


ittjectsi  of  which  fl 

CA.  What  is  a  ca 

fa.  The  mesningfl 
two  Latin  w 
The  constn 

in  a  monient  b^  y^^il 
convex  lens.  I 

A  conTex  lens,  pla  J 
exhibit,  on  a  white  sh^ 
glass,  all  theobjec 
bousea,  &C.)  in  an 

Ja.   Is  the  roon 
is  ndmitted  through  tbel 

Fa.  It  ought  to  be  eo 
[Mcture,  the  sun  should  i 

Ja.  Is  there  no  olhef 

Fa.  A  portable  one  a 
side  of  wliich  is  to  be 
niihin  it:  the  box  contai 
from  the  tube,  at  an  ttng 

Ch.  On  what  does  i 
object  ? 

Fa,  On  a  square  of  g 
box:  and  if  a  piece  of  oi 
landscape  may  be  easily  < 
on  the  rough  sarfiice  of 

/a.   Whj 


CAUBSA  OBRCOBA. 

indini;5  flt  an  angle  of  45  degrees,  will  be  n>fle<TtMiN 
an^k-  of  45  degree^  whith  is  the  angle  that  the  gL 
tilt  box  l>e«rs  with  respect  to  the  rnirror. 

Ja.  If  I  underfland  you  clearlfr  the  raj>  would  liava  bi-ek 
retlected  back  on  the  lens,  and  none  would  have  procL-eded  to 
tlie  top  ofthe  box,  if  the  mirror  hiul  be«n  placed  at  the  end  of  IL 

Fa.  Just  ra:  in  the  »ame  manner  as  when  one  person  sianda 
before  a  looking-jclas^  another  at  the  side  of  the  room  cannot 
Bee  bis  image  in  the  gloe^,  because  the  rays  Hewing  from  him 
to  the  tooking-gln^5  are  thrpwn  back  again  to  himself:  but  if 
cnoh  person  stands  on  the  opposite  side  of  the  room,  while  the 
glat>s  is  in  the  middle  at  the  end  of  it.  they  will  both  stand  at 
ftn  angle  of  -15  degrees  with  regard  to  the  glass;  and  th«  raj» 
from  each  will  be  reflected  to  the  otber. 

Ch.  Is  the  lube  fired  in  thia  machine? 

/'(,  No:  it  is  tnadu  to  draw  out,  or  push  in,  so  as  lo  adjatt 
the  distance  of  the  convex  givs  from  the  mirror  in  proportkin 
to  the  dixlanoe  of  the  outwnrd  objects,  till  they  are  dlstiucUjr 
painted  on  the  horixonlnl  glass. 

The  best  camera  obscurss  are  formed  by  placing  a  reToi»ing 
mirror  in  an  inclined  position  at  the  top  of  a  building,  so  that 
tlie  rays  may  be  thrown  down  on  a  conrex  lens  in  the  roof, 
and  which  should  portmy  them  distinctly  on  a  table.  Th« 
inrention  of  this  instrument  is  assigned  to  Baptisle  Porta,  ia 
]oOU;  although  some  attribute  it  to  Boger  Baeon.  By  aa 
ingenious  process  lately  discovered  by  Dagnerre,  the  imagu 
derived  from  the  camera  obscura  bave  been  most  clearly  and 
accurately  Hxed  on  metal  plates;  but  without  colour,  further 
than  degrees  of  shade.  The  process,  from  the  inventor,  has 
been  nami^  Daguerrmtifpe,  and  latterly  ^otogenic  drawing,  or 
/'Aotoyrn/)*^,  from  the  Greek/iA(u(^c),  "light,"  and  y^«o»»ai 
(yiyrofiai),"!  make.or  generate;" or i7ro/fAo(>'|>a9M),  "1  write, 
or  describe."  The  method  pursued  seems  to  be  that  of  pr^ 
paring  first  a  piece  of  copper  well  plated  with  silrer,  polished 
and  cleansed  by  diluted  nitric  acid;  af^r  which  it  is  exposed 
to  the  vapour  of  iodine,  which  gives  it  a  yellow  colour,  and 
u|ion  this  surface  thtt  rays  of  light  of  the  object  are  impinged 
by  the  camera  obscura.  At  thisKtage,  though  the  surface  of  the 
plate  appears  completely  dull  and  roid  of  all  images  or  Tiewt, 
the  plate  is  subjected  to  the  action  of  the  vapour  of  mercurjr 
at  an  inclined  position  of  45°.  It  ia  next  wiwlied  in  a  solution 
bh2 


«f  l^pMnlphate  of  eoda,  and  then  with  boiling  water.  Wha 
4rj,  >  perfect  reprasentation  of  ihtj  otiject  is  obtaioed. 

CA,  Are  not  laodBcapes  sometimes  taken  upoa  paper  b} 
the  BMoe  process  ? 

^a,  Not  c.xuctlj.  The  ngeat  which  delineates  the  pictun 
U  light  in  both  cases,  but  a  somewhat  modilied  proceeding  if 
adopted  ia  regard  to  the  production  of  the  Genaitive  coftting 
upon  iriiioh  the  im^e  is  impressed. 

CL  Will  you  describe  this  to  me  ? 

^a.  I  will.  A  sheet  of  paper  is  either  Boaked  in,  or  ona 
lida  painted  over,  with  a  solution  of  nitrate  of  silver  or 
oomman  lunar  caustic ;  it  is  then  treated  in  the  same  maons 
with  I  BolnCioQ  of  comuioa  salt.  The  paper  thus  prepared, 
ia  BOW  dried  iu  the  dark,  and  then  placed  in  the  camera 
After  remaLninn;  tliere  for  a  short  time,  it  is  soaked  in  » 
eolatim  of  the  hyposulphite  of  soda,  which  dissolves  all 
those  portioLis  of  the  salt  of  silver  which  have  not  been  acted 
upon  bj  the  light.  A  very  pretty  and  exact  drawing  is  then 
obtointMi  of  the  objects  towurdawUch  the  camera  was  directed. 

Ja.  Will  you  now  explain  the  structure  of  the  magie 
lantern,  which  has  long  afibrded  us  so  luuch  amusement  ? 

Fa.  Thislittlemachine  consists,  a»  you  know,  of  a  sort  of  tin 
box;  within  it  is  a  lamp  or  candle,  the  light  of  which  passes 
through  a  large  plano-convex  lena  placed  in  a  tube  fixed  in 
front  This  Mtrongly  illuminates  ibjects  painted  on  slips  of 
glass,  and  which  are  placed  before  the  leua  iu  au  invent 
position.  A  sheet,  or  other  white  suriace,  is  arranged  so  tt 
to  receive  the  images. 

Ch.  Do  you  invert  the  glasses  on  which  the  figure  m 
drawn,  in  order  that  the  images  of  them  ma^  be  erect? 

Fa.  Yes:  and  the  illumination  may  be  greatly  incrcMsed, 
and  the  effect  much  more  powerful,  by  placing  a  concave 
mirror  at  the  back  of  the  lamp. 

Ck.  Did  you  not  tell  us  tliat  the  Fhanttamagoria,  whidi 
we  once  saw  at  the  Lyceum,  was  a  species  of  magic  lantern? 

Fa.  Yes:  but  there  is  some  difference  between  them.  Jja 
conunon  inag;ic  lanterns,  the  figures  are  painted  on  tran^taraA 
glass ;  consequently,  the  image  on  the  screen  is  a  circle  of  ligl^ 
having  one  or  more  figures  on  it;  bntin  the  Fliantasinagcwi^ 
■11  the  glass  is  made  opaque,  except  the  figure,  so  thiit  no 
;Iight  can  come  upon  the  screen  but  what  passes  throfigli  thi 
flgures,  which  are  painted  in  traasparent  colours. 
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Ja.  There  was  no  sheet  to  receive  the  picture. 

Fa.  No:  the  representation  was  thrown  on  a  thin  screen 
of  silk,  placed  between  the  sgiectators  and  the  lantern. 

Ch.  What  caused  the  images  to  appear  approaching  and 
receding? 

Fa.  That  was  effected  by  removing  the  lanlern  further 
from  the  screen,  or  bringing  it  nearer  to  it:  for  the  size  of 
tlie  image  muat  increase  if  the  lantern  be  carried  back,  becauiio 
the  rays  come  in  the  shape  of  a  cone;  and  as  no  part  of  the 
screen  is  visible,  the  figure  appears  to  be  formed  in  the  air, 
and  to  move  further  off  when  it  becomes  smaller,  and  to  come 
nearer  as  it  increases. 

The  term  Phantasmagoria  is  derived  from  two  Greek  words, 
phantoima  (^avraaiia),  "an  appearaace,"  and  agnraomai 
{ayopaoftat),  "I  collect." 

Ja.  Here  is  another  instrument,  the  construction  of  which 
70a  promised  to  explain — namely,  the  maltiplt/inp  gtass. 

Fa.  One  side  of  this  glass  is  cut  into  many  distinct  surfaces; 
and  in  looking  at  any  object  through  it,  such  as  yoiir  brother, 
you  will  see,  not  one  object  only,  but  as  many  as  ore  the  plane 
surfaces  on  the  glass. 

I  will  draw  a  figure  to  illustrate  this. 
Let  A  J  B  represent  a  glass,  flat  at  the  ^ide 
nent  the  eye  h,  and  cut  into  three  distinct  i 
surfaces  on  the  opposite  side,  as  K  b,  b  d, 
dn.  Theobjectc  will  not  appear  magnified, 
hot  as  Toys  will  flow  from  it  to  nil  parts  of  j,j     ^^ 

the  gkss,  and  each  plane  surface  will  refract 
these  rays  to  the  eye,  the  same  object  will  appear  to  the  eye 
in  the  direction  of  the  rays,  which  enter  it  through  each 
surface.  Thus  a  ray,  c  1,  falling  perpendicularly  on  the 
middle  surface,  will  suffer  no  refraction,  but  show  the  object 
in  its  true  place  at  c:  the  ray  from  c  b  falling  obliquely  on 
the  plane  surface  a  b,  will  be  refracted  in  the  direction  b  t, 
and,  on  leaving  the  ^ass  at  e,  it  will  pass  to  the  eye  in  the 
direction  e  11;  and  therefore  it  appears  at  e:  the  ray  c  d 
■will,  lor  the  same  reason,  be  refracted  to  the  eye  in  the  direction 
B  R,  and  the  object  n  will  appear  also  in  D. 

If,  inste-ad  of  three  sides,  the  glass  had  been  cut  into  6  or 
20,  there  would  have  appeared  ti  or  20  different  objects, 
differently  situated. 
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DBfUCmOHt  III  OfTiei. 


QUKBTIGN8  rOE  SZAIOHATIOX. 


Gui  joa  deioribe  tht  ■inioturs  and 
of  a  earatrm  oliMiii«?'^Wluit 
ihlilCt-are  iMoa«uy  to  obtaiii  aa  te- 
taretting  picture?  —  How  is  the  port- 
able camera  obeeura  oonstmcted  f — Of 
what  doei  the  maglo  Umtem  oonfitt  ? 
—  How  are  the  flfuree  placed  Ibr  the 


to  ba  areola— l^ 
tha  magto  laataiM  dMhrftw 
taaBagoria? -« In  ClM  lailier  Ika  i 
appear  aomettiiMa  to  be  raoading  aaiil 
others  approachlim  I  what  la 
ofthls?— lUutrata  tha 


80MS  OF  THI  LIADXKO  DBFIllITfOllfl  IIT  Omct,  WHICH  IT  H 
XBCOMMENDKD  THAT  THS  PVPIL  tHOUU)  OOHMR  TO 
MEMOBT. 

OPTIC& 

I.  Light  is  supposed  to  consist  offawmflehraMy  small  partlelaa,  nkHalli^ftM 
aluminous  body. 

3.  Light  proceeds  in  straight  lines  from  the  InmlBOiw  bod^.  It  travA  id 
the  rate  of  about  200.000  miles  in  a  second  of  time. 

8.  llie  intensity  of  light  decreases  as  the  square  of  the  distance  fWaa  th| 
luminous  body  increases. 

4.  When  light  strikes  obliquely  upon  a  surfkoe,  it  is  so  relleoted.  that  thi 
angle  of  reflection  is  equal  to  the  angle  of  incidence. 

6.  The  properties  of  mirrors  depend  on  reflected  light. 

6.  Whatever  suffers  the  rays  of  light  to  pass  through  it  is  called  a  mediaa. 

7.  All  transparent  fluids  are  called  media ;  and  the  more  transparent  the  boif. 
the  more  perfect  is  the  medium. 

8.  When  rays  of  liglit  are  bent  out  of  their  oourse  on  entering  a  densortv 
raref''  medium,  they  are  said  to  be  refracted. 

9.  Wheu  light  passes  out  of  a  rarer  into  a  denser  medium,  it  ia  drawn  towaidl 
the  perpendicular. 

10.  When  light  passes  Arom  a  rarer  to  a  denser  medium,  it  morca  in  a  dirvctin 
Ikrther  fh)m  the  perpendicular. 

I I.  We  see  every  thing  In  the  direction  of  that  line  in  which  the  rays  aparoeol 
nslast. 

12.  Refraction  takes  place  in  all  kinds  of  glass  {  but  in  glass  tliat  ia  thin  it  li 
generally  overlooked. 

18.  The  image  of  an  ohfeet  seen  in  water  always  appears  bighiv  than  the 
ohicct  really  is. 

14.  We  cannot  Judge  of  distances  or  of  magnitudes  so  well  in  water  as  ia 
ahr. 

15.  ny  means  of  refWustion  the  sun  is  seen  every  dear  morning  aoTeral  mi- 
nutes before  he  comes  to  the  horizon,  and  as  long,  after  ha  slnka  beneatU  it  fei 
the  evening. 

16.  The  Sim  is  never  seen  in  that  place  in  the  heavens  that  he  appeara  to  bs. 

17.  A  pencil  of  rays  Is  any  number  that  proceed  firom  a  point. 

18.  Parallel  rays  are  such  as  move  always  at  the  same  i1i>'tance  iVom  eask 
oUier. 

10.  A  Ifns  is  a  gloss  ground  into  a  certain  form  to  collect  or  disperse  the  raif- 
of  light.  ^ 

20.  The  force  of  the  heat  collected  in  the  focus  is  in  proportion  to  the 
Seat  of  the  sun  as  the  area  of  the  glass  is  to  the  area  of  the  focus. 

31.  Af  an  otitject  approaches  a  convex  lens,  its  imago  departs  ftwn  it. 


DEFINITION*   IS   Oleics. 
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i1.  CoBTeic  leata  aiOta  the  nyt  of  liglit,  or  nuke  Uwm  coayage  to  m  tbcnL 
11.  CinciTe  Ifoiiea  diipcnc  Ibc  nji  of  light. 

It.  The  fboni  of  a  doubtc  taavpjL  Irni  ii  nt  the  difUnce  of  U»  mliiu  of  eou- 
TUJtr :  and  »  la  tbc  iaa^Darr  ftieiu  of  tbc  donblf  ani«T«  l«i. 

II.  TlKfiKOaorUiepliuis  wnru  it  at  ihc  diitance  af  the  dluarlet  of  tht 

a«.  Ibe  iniafc*  ottHiireU  placed  twrond  the  tbeiM  at  a  mnitcx  Imi  m  h^ 
Ttrtfd.  and  nal. 

9;.  Ugfat  te  eompoMd  of  KTcn  eolonn. 

:IK.  ThcniabmrlioirligiotliaMpantloiiof  thennof  Ugbt  IctOlUprimltire 
colaun.  bf  Uw  dropl  of  lUUng  nin. 

VU.  All  cdIoidi  an  nippoacd  to  exitl  odI;  In  the  light  of  lomiDDiu  Iwdlet, 

10,  W«  Judge  of  the  colour  ar  ohlecU  finm  the  RllHrtfd  rayi. 

11.  The  whltowM  of  papv  li  OKaiioiuxl  hf  lla  reSectlng  the  grealwlpart  of 
all  the  njt  Uial  lUt  upon  It. 

yi.  Mas/  tnuuparent  nwdla  reflect  one  colour  and  tmumii  another. 
33.  In  all  aimn  the  angle  of  reOeelioa  it  eqgal  to  the  angle  of  Incidence. 

more  remoiti  fWjm  tlie  mirror  than  the  centre  of  nmeavitf,  and  the  image  id  li^ 
lirecn  the  ot^ed  and  mimr. 

H.  irihegl^tlalnlheceiitre.  tbeniha  Image  and  ohjeet  will  nrinclde:  — 
if  Dearw  the  glaai  ttuu  Ibe  Teuin,  the  Inuga  will  be  more  Kmote.  and  lars«r 
than  the  otjecl. 

se.  The  image  formed  bf  ■  eoaCBTc  nirror  ii  (Iwifi  belbre  il,  execpl  when 
LiTTor  than  the  prlimlpal  fonu. 


thru 


r.  The  hi 


if  leleaeopoa.  the  refecting  and  the  reSecting :  the 
fonnerdcpandacn  lauealbrlti  operaUon,  the  latter  ehiefly  upon  mlrrata. 

..    ^„ id  piiaoipally  Ii»  TiewUig  tene««rtal  oljaett : 

a  la  mca  fbr  aitninomlcal  pmpgwi. 

•1  nptewnl  otjMta  to  be  nearer,  not  largCT. 


«T.  A<ilDn 


•  ■KbaihaTOIheglaai 


nnlrlnsilai 


JO  of  the  raji  of  light. 

i».  Hleminipca  are  InKramenU  llir  viewing  Terj  unall  D(|)e«l*  They  appa- 
rentljr  BagnlQtolfMlh  tteaanee  Hiey  naMe  in  to  »*g  them  nearer  wlthoui  de- 
•traying  the  dlBliMtnm  of  tMob. 

4U,  The  ringle  mkmaeape  eoulila  of  only  one  IcHl. 

ED.  The  ewnera  «tiHV«  h  eoatiiTcd  10  e^ihiUI,  In  a  mom,  a  picture  of  • 
Uodacape  or  other  oUaeta  wlttaont. 

:>l.  HiemagialaiilBaitaaiulliBacMiHialcndedtelheaMnaeBeat  ofTOvng 
'  penoBi.  byraagnliyiigpainUBgaan  glaia  andUirowlng  llwli  Imtfcaoa  a  whits 
•ertea  i>  a  daitned  nam. 

»S.  Till  jdnalMMiiili  tiaHiiiliifiimiliiliiit  III     ihir'  -  "•-  image* 

to  be  thrown  npvaathbiacteeni'  ■" -  ■"-  •—■'- 


MAGNETISM. 

FIRST    CONVERSATION. 

'     THE       MAGNET     AKD      ITS     PKOPBRTIES, 


UK  LBS JAHE3. 

FaAcT.  You  are  this  <Iurk  mineral  body:  it  is  one  of 
oxidesof  iron;  and  }'eu  know  il  has  the  property  of  attrnetiiig 
nee<Ues  nnd  otlicr  smiilliron  subflttinn^s. 

Ja.  Yes;  it  is  called  a  loadstone,  lending- stone,  or  lungiKL 
We  \mre  often  been  iimuped  with  it;  bnt  jou  told  us  that  it 
poBsessetl  a  niutli  more  important  property  than  that  at 
attracting  iron  and  sleel. 

Fa.  This  ia  whnt  is  called  the  directive  properh/,  by  which 
mariners  ai-e  enabled  to  conduct  ilieir  vessels  through  the 
mighty  oeean  when  out  of  sight  of  land.  By  the  aid  of  this 
miners  also  lu^  guided  m  their  suhteiTanenn  inquiries,  nnd 
the  traTeller  through  deserts  nthei'iv  isu  impassablp, 

Ch,  "Were  not  mariners  unable  to  maie  long  and  very 
distant  Tojages,  before  this  property  of  the  magnet  waa  dis- 
covered? 

Fa.  Yes:  then  they  contented  themselves  with  mere  coasting 
voyages:  seldom  trusting  themselves  from  the  sight  of  Innd. 

Ja.  tlow  long  is  it  eince  this  gi-eat  discovery  -was  lirsl 
mode? 

Fa.  Upwards  of  five  hundred  years:  but  it  is  not  possible 
to  ascertain,  with  any  degree  of  precision,  to  whom  we  are 
indebted  for  it;  yet  Roger  Bacon  appears  to  have  diacovered 
its  property  of  pointing  to  the  north. 

Ck.  You  have  not  told  us  in  what  the  discovery  consists. 

Fa.  When  a  magnet,  or  a  needle  rubbed  with  a  magitet,  '»■ 
freely  suspended,  it  will  always,  and.  in  all  planes,  stand  Dcarlr 
North  and  Souths 


Ch.  Tg  it  known  which  end  points  to  the  North,  und  which 
to  the  South? 

Fa.  Yes:  or  it  would  be  of  little  use:  each  magnet  F.iid 
each  needle,  or  other  piece  of  iron,  that  is  made  an  aTtificial 
magnet  by  being  properly  rubbed  nith  the  natural  magnet, 
has  a  North  end  and  a  South  end,  called  the  North  oud  iioutA 
poUg;  to  the  former  a  mark  is  placed,  for  the  purpose  of 

L  distinguishing  it. 

H       Ja.  Then  if  a  ship  were  to  make  a  voyag'O  to  the  North. 

H  it  must  follow  the  direction  which  the  magncl  takes. 

H      Fa.  Yes:  and  if  it  were  bound  ii  westerly  course,  the  needle 

H  alwaya  pointing  North,  the  ship  must  keep  in  a  direction  nt 

H  right  angles  to  the  needle.     In  other  words,  the  direction  of 

V  the  needle  must  be  across  the  ship. 

"        Ch.  Ck>uld  not  tlie  same  object  be  olilaiued  by  metms  of 
the  Pole  Star? 

Fa.  It  might,  in  a  considerable  degree,  provided  you  could 
always  insure  a  fine  clear  sky.  But  wlint  could  be  done  ia 
cloudy  weather,  which  in  aome  latitudes  lasts  for  many  days 

Ch.  I  did  not  think  of  tliat. 

Fa.  Without  the  use  of  the  magnet,  no  persons  could  have 
ventured  upon  such  voyages  aa  those  to  the  West  Jndics  and 
other  distant  parts:  the  knowledge,  therefore,  of  this  inslru< 
ment  cannot  be  too  higldy  prized. 

Ja.  Is  that  a  magnet  which  i»  fixed  to  the  bottom  of  the 
globe,  and  by  means  of  which  we  set  the  globe  in  a  propex 
direetion  with  regard  to  the  cardinal  points.  North,  South, 
East,  and  West? 

Fa.  This  is  called  a  Compass,  the  needle  of  wlilcli,  being 
rubbed  by  the  natural  or  real  magnet,  becomes  possessed  of 
the  same  properties  as  those  which  belong  to  the  magnet 
itself. 

Ch.  Can  any  iron  and  steel  be  made  magnetic? 

Fa.  They  can;  bars  of  iron  thus  prepared  are  called  <ir(i- 
_/&ia/  magnttt. 

Jii,  Will  iliesc  soon  lose  the  properties  thus  obtained? 

Fa.  Artificial  magnets  will  ret/iin  their  properties  almost 
any  length  of  time;  and,  since  they  may  be  rendered  more 
powerful  than  natural  ones,  and  cou  be  made  of  any  form, 
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thej  are  generally  usetl;  ao  that  the  lut 
as  a  ciiriiwitj'. 

Ch.  What  are  the  leiudliig  properties  ti 
Fa.  (1.)  A  magnet  attructs  iron.  {2. 
to  be  ftl  liberty  to  move  in  any  direction, 
to  the  north  pole,  anil  ita  south  end  to  th 
called  the  poiarily  of  the  miiguet  (3.) 
ol'  one  inngnet  is  presented  to  the  south  \ 
will  attmct  one  another.  But  if  the  f 
north  poles  are  preaented  to  each  other,  t 
When  a  magnet  is  so  situated  as  to  be  at 
its  two  poles  do  not  lie  in  nii  hoi 
inclines  one  of  its  poles  towards  the  bor 
rai.^ea  the  other  pole  above  it:  this  is  call 
di/i  of  the  magnet.  (5.)  Anymagnetnu 
its  properties  to  iron  and  steel. 

QUESTIONS  FOE  EXAMINA 
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wUbnltnai 
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YcnKl?  — In  whit  Aoet  the  direfllte 

stalpa  P—  W 

povter  coB^tt  — How  tn  the  north 

ttiid  *io»b  pole,  of  *  m»gntt  (U.Hn- 
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CONVERSATION  \ 

MAGNETIC    ATTRACTION    AND  ( 

Father.  Having  mentioned  the  seva^ 
roagnet  or  loadstone,  I  intend,  at  thiu 
particularly  into  the  nature  of  magiuj 
pubion. — ilere  is  a  thin  iron  bar,  eight 
itndered  magnetic,  and  on  that  account 
Artificial  magnet.  I  bring  a  small  piece' 
distance  of  one  of  the  poles  of  the  magi 
attrnrfedor  drawn  to  it. 

Ck,  Will  not  the  same  effect  be  prod 
presented  to  any  other  part  of  the  tnttgnt 

Fa.  The  attraction  is  strongest  at  t 
minishes  in  proportion  to  the  distance;  s 
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1>etwO(^n  tbe  poles,  there  ig  no  attractioii,  as  you  shall  see  hy 
means  of  this  large  needle. 

Ja.  When  you  held  the  needle  near  the  pole  of  the  mflgnet, 
the  maguct  moved  to  the  needle;  which  looks  as  if  the  needle 
attracted  the  mi^net. 

Fa.  Bo  it  does.  The  uttroction  is  mutunl,  as  is  evident 
from  the  following  experiment.  1  place  the  snial!  magnet  ou 
a  piece  of  cork,  and  the  needle  on  another  piece,  Noiv  let 
them  float  on  water,  at  a  little  distance  from  each  other,  and 
you  will  ob»erve  that  the  magnet  moves  towards  the  iron  as 
much  as  the  iron  moves  towards  the  magnet. 

C/i.  If  two  miigneta  were  put  in  this  situation,  what  would 
be  the  efl'ect  produced? 

/«.  If  poles  of  the  same  name  (that  ia,  the  two  north,  or 
the  two  south)  be  brought  near  together,  they  will  rejiel 
one  another;  but  if  a  nortii  and  n  south  be  presented,  the 
^anie  kind  of  attraction  ns  there  was  between  the  magnet  and 
needle  will  be  visible. 

-  Ja,  Will  there  be  any  attraction  or  repulsion  if  other 
bodies,  sueh  ns  paper,  or  thin  slips  of  wood,  be  placed  between 
the  magnets,  or  betweeji  the  magnet  and  iron? 

Sit.  Neither  the  magnetic  attraction  nor  repulsion  is  in 
the  least  diminished,  or  in  any  way  affected  by  the  interpo- 
sition of  any  kind  of  bodies,  exi%pt  iron.  Bring  the  magnets 
together  within  the  attracting  or  repelling  distance,  and 
hold  a  slip  of  wood  between  them,  they  both  come  to  tlie 
wood,  as  you  see. 

CA.  Ynu  said  that  iron  waa  more  easily  rendered  magnetic 
than  steel.     Does  it  retain  the  properties  as  long  too? 

Fa.  If  a  piece  of  soft  iron  imd  a  piece  of  hard  steel  be 
brought  wit li in  the  influence  of  a  magnet,  the  iron  will  be 
most  forcibly  attracted;  but  it  will  almost  instantly 
lose  its  aoqoired  n^netism,  whereas  the  hard  steel     ~ 
will  preserve  it  a  long  time.  / 

Ja.  Are  magnetiu  attraction,  and  repulsion  at  all  j 
like  what  we  haw  sometimes  seen  in  electricity?  / 
Fa.  In  some  instances  thoi'c  ia  a  great  similari^.  / 
For  example  (1.)  I  tie  two  pieces  of  soft  wire,  each  w 
to  II  separate  thread,  which  join  at  the  top,  and  let  IS 
them  lumg  freely  irom  a  book,  x.  If  I  bring  the  " 
uortli  end  of  a  magnetic  bar  jusc  under  them,  you      p. 
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Vff.t. 


will  lee  tlie  wires  repd  one  anoUiery  as  alioirw  iii  Ae 

OLIb  that  ooeuioned  by  the  lepeDing 
wires  have  acquired  in  conseqaenoe  of  beuif  boA 
maf^netic  with  the  same  pole? 

Fa,  It  is:  and  the  same  thin|i^  would  lunre  occouwl  if tb 
south  pole  had  been  presented  instead  of  thenortli. 

Ja,  Will  they  remain  long  in  that  position? 

Fa.  If  the  wires  are  of  very  soft  iron,  therf  will  qiiidi^ 
lose  their  magnetic  power;  but  if  steel  wires  be  naed^  tnAu 
common  sewing  needles,  they  will  oontiniie  to  repel  eadkoAit 
after  the  removal  of  the  magnet. 

Again:  I  lay  a  sheet  of  paper 
Hat  upon  a  table,  and  strew  some 
iron  filings  upon  it.  I  now  lay 
this  small  magnet  amongst  them, 
and  give  the  table  a  few  gentle 
knocks,  so  as  to  shake  the  filings; 
observe  now  in  what  manner  they  have  arraoged 
about  the  magnet. 

C&.  At  the  two  ends,  or  poles,  the  particles  of  iron 
themselves  into  lines,  a  little  sideways  they  bend,  and  tba 
form  complete  arches,  reaching  from  some  point  in  the  ncHthen 
half  of  the  magnet  to  some  other  point  in  the  soutbem  K«^- 
How  do  you  account  for  this? 

Fa,  Each  of  the  particles  of  iron,  by  being  brought  vnthin 
the  sphere  of  the  magnetic  influence,  becomes  itself  magnetic^ 
and  possessed  of  two  poles  and  consequently  disposes  itsdf 
in  the  same  manner  as  any  other  magnet  would  do,  and  also 
attracts  with  its  extremities  the  contrary  poles  of  q^Im* 
particles. 

Again:  If  I  shake  some  iron  filings  through  a  gauze  sieves 
upon  a  paper  that  covers  a  bar  magnet,  the  filings  will  becoma 
Viagnets,  and  will  be  arranged  in  beautiful  curves. 

Ja,  Does  the  polarity  of  the  magnet  reside  only  in  its  two 
ends? 

Fa,  No:  one  half  of  tlie  magnet  is  possessed  of  one  kind  of 
polarity,  and  the  other  of  the  other  kind;  but  the  ends,  or 
poles,  are  those  points  in  which  that  power  is  the  strongest; 
remember  that  —  ''a  line  drawn  from  one  pole  to  the  othst' 
is  called  the  axis  of  the  magnet.** 


QUESTIONS  FOE  ESAMrUAlIOa 
In  whut  pHrta  of  the  magnet  is  the  r  dcitroj'i-d  or  dlminiahiid  hj  Ibe 
■ttnction  the  stron^eEt  ?  —  Doei  the  |  pggjUon  of  olhu'r  bodio?  — Doe 
needle  altnot  Ibe  mtgurt.  m  well  u  r  or  ■Ircl  reUlo  the  mignetlc  pov 
thcmagnutattracl  the  needle? — Whit  |  Icmgeit?  —  KlplRln  thenitnTea 
eicperinient  will  pttne  this  ? —  Do  neiio  »ttr»otion  bjr  fig.  1.  —  Ti 
poira  of  (lie  ume  nmne  ittnot  euh  does  Dg,  -J  reCn?  —  Whit  ii  Ui 
tnher? — Ii  the  tntgnetio  at&«ctioii  |  of  Lh«  magnet  ? 
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f  UAKING  MAGNETS THE 


Father.  I  have  already  told  you  Ihat  ftrtificial  magnets, 
which  are  made  of  steel,  are  now  generally  used  in  preference 
to  the  real  magnet,  because  they  can  he  procured  with  greater 
ease,  may  he  varied  in  tlieir  form  more  easily,  and  will  com- 
municate the  ra^netic  virtue  more  powerfully. 

Cli.  How  are  they  made? 

Fa.  The  beat  method  of  making  artificial  magnets  is, 
to  apply  one  or  more  powerful  magnets  to  pieces  of  bard 
Htec-1,  taking  care  to  apply  the  north  pole  of  the  magnet  or 
magnets  to  that  extremity  of  the  steel  which  ia  required  to 
l>e  made  the  south  pole,  and  to  apply  the  south  pole  of  the 
magnet  to  the  opposite  extremity  of  the  piece  of  steel. 

Ja.  Does  a  magnet,  by  comiuunicating  ils  properties  to 
other  bodies,  diminish  its  own  power? 

Fa.  No:  it  is  even  increased  by  it, — A  bar  of  iron,  three 
or  four  feet  long,  kept  some  time  in  a  vertical  position,  will 
become  magnetic;  the  louver  extremity  of  it  attracting  the 
south-pole,  and  re|)eUing  tlie  north-pole.  But  if  the  bar  bo 
inverted,  the  polarity  will  be  reversed, 

Ch.  Will  steel  produee  the  some  effects? 

Fa.  It  will  not.  The  iron  must  be  soft,  and  hence  bars  of 
iron,  that  have  been  long  in  a  perpendicular  position,  are  gene- 
rally foimd  to  be  magnetic,  as  fire-irons,  bars  of  windows,  &c. 
If  a  long  piece  of  bard  iron  be  made  red-hot,  and  then  left  to 
cool  in  the  direction  of  the  magnetic  line,  it  usually  becomes 
magnetic. 

ytrikitig  on  iron-bar  with  a  hammer,  or  nibbing  it  with  a 
file,  while  held  in  this  direction,  renders  it  magnetic.  An 
electric  shock,  and  lightning,  frequently  render  iron  magnetic. 
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Ja.  An  artificial  magnet,  you  say,  is  often  more  poweiftf 
than  the  real  one.  Can  a  magnet,  therefore^  oommaiiicate  to 
steel  a  stronger  power  than  it  possesses? 

Fa.  Certainly  not:  but  two  or  more  magnetB,  joined  tcg^ 
ther,  may  communicate  a  greater  power  to  %  pieee  of  steel 
than  either  of  them  possesses  singly. 

Ch,  Then  you  gain  power  according  to  the  number  of 
ma^mets  made  use  of? 

Fa,  Yes:  very  powerful  magnets  may  be  formed  by  fint 
constructing  several  weak  magnets,  and  then  joining  them 
together  to  form  a  compound  one,  and  to  act  moire  poworfuUjf 
upon  a  piece  of  steel. 

The  following  methods  are  among  the  best  for  forming  arti* 
ficial  magnets: — 

1.  Place  two  magnetic  bars, 
A  and  B,  in  a  line,  so  that  the 
north  or  marked  end  of  one 
shall  be  opposite  to  the  south 
end  of  the  other,  but  at  such 
a  distance  that  the  magnet  c, 
to  be  touched,  may  rest  with 

its  marked  end  on  the  unmarked  end  of  B,  and  its  unmarked 
end  on  the  marked  end  of  a.  Now  apply  the  north  end  of  the 
magnet  l,  and  the  south  end  of  d,  to  the  middle  of  c,  the 
opiK)site  ends  Ixmug:  elevated  as  in  the  figure.  Draw  l  and  D 
asunder  alonn;  the  bar  c ;  one  towards  a,  the  other  towards  b; 
preserving  the  same  elevation:  remove  ld  a  foot  or  more 
from  the  bar  when  they  are  off  the  ends,  then  bring  the  north 
and  south  poles  of  these  magnets  together,  and  apply  them 
again  to  the  middle  of  the  bar  c  as  before:  the  same  proceei 
is  to  be  repeated  five  or  six  times;  then  turn  the  bar,  and 
touch  tlie  other  three  sides  in  the  same  way,  and,  with  care^  1 
the  bar  will  acquire  a  strong  fixed  magnetism. 

2.  Upon  a  similar  principle,  two 
bars,  a  B,  c  D,  may  be  rendered  mag- 
netic. These  are  supported  by  two 
bars  of  iron;  and  they  are  so  placed 
tliat  the  marked  end,  b,  may  be  oppo- 
site to  the  unmarked  end,  d:  then 
place  the  two  attracting  poles,  of,  on  ^^  J'^. 

the  middle  of  a  b,  as  in  the  figure,  moving  them  doiri^ 


4. 


\ 


479 

0*er  it  sevenil  tiiops.  Thp  wune  opemtion  is  to  be  performed- 
on  c  n,  hsi'ing  first  changed  the  pnlex  of  the  bars,  Kod  then  on. 
the  other  faces  of  the  biu? ;  and  (he  effect  is  Hcccmiplbhed. 

Tbe  toucli  thus  conununicated  nay 
be  further  increased  by  rubbing  tlie 
diSereDt  fwea  of  the  bars  with  sets 
of  magnetic  bars,  disposed  ns  in  fig.  S. 

Ja.  I  suppose  all  the  bars  should 
be  Tery  smooth? 

Fa.  Yes;  they  should  be  weil  po-  itj.  §. 

liflhed,  the  sides  aod  ends  made  quite 
flat,  and  the  angles  exactly  square. 

There  are  many  mognela  made  in  the  shape  of  horse-shoes: 
these  are  called  horse-shoe  magnets,  and  they  retain  their 
power  very  long  by  applying  a  piece  of  iron  to  the  ends  when 
not  employed. 

Ch.  Does  tliat  prevent  the  power  from  escaping? 

Fa.  It  seems  so:  the  power  of  ■  magnet  is  even  increased 
by  allowing  a  piece  of  iron  to  remain  attached  to  one  or  both 
of  its  poles.  Of  course,  a  single  magnet  should  nlwajs  be 
thus  left. 

Ja.  How  is  magnetism  communicnted  to  compass- needles? 

Fa.  Fasten  the  needle  down  on  a  board,  and  draw  mag- 
nets, about  six  inches  long,  in  cnch  hand,  from  the  centre  of 
the  needle  outwards:  then  raise  the  bsrs  to  a  considerable 
distance  from  thi  needle,  bring  them  perpendicularly  down 
on  its  centre,  and  draw  tlicm  over  again,  repeating  this  opera- 
tion abont  twenty  times,  and  the  ends  of  the  needle  will  point 
to  the  poles  contrary  to  those  that  touched  them. 

Vh.  I  remember  seeing  a  compass  when  I  wm  on  board  a 
frigate  lying  off  Worthing;  the  needle  of  wliichwas  in  Hbos, 
with  a  glass  over  it. 

Fa,  That  was  a  mariner's  compass,  which  consists  of  the 
box,  the  card  or  fly.  and  the  needle.  The  box  is  circular, 
ftnd  is  so  SQspended  as  to  retain  its  horizontal  position  in  all 
the  motions  of  the  ship.  The  glass  is  intended  to  prer#Dt 
any  motion  of  the  card  by  the  wind:  the  card  or  fly  moves 
with  tlie  needle,  which  is  verj-  nicely  balanced  on  a  centre. 
It  may,  however,  be  noticed,  that  a  needle  which  is  accurately 
balanced  liefore  it  is  magnetized  will  lose  its  balance  by  beia|( 
jnagnetized,  on  account  of  what  b  called  the  dip ;  tlieKA>< 
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CONVEESATION  IV. 

OF  TBB   TAKUTION  OF  THE  COMPASS. 

CkarltM.  You  said.  I  think,  that  the  magnet  pointed  iwaf^ 
North  and  South.  How  much  doea  it  differ  from  tbri 
direction? 

Fa.  It  rarely  points  exactly  North  and  South;  and  dw 
<uviation  from  that  line  is  called  the  variatum  of  the  cotmpaa; 
which  \a  sud  to  be  East  or  West. 

Jn.  DocB  thia  vaiy  at  difierent  times? 

Fa.  It  does:  and  the  Toriation  is  very  different  la  difieral 
part8  of  the  world.  The  variation  is  not  the  same  now  at  ft 
was  half  a  century  agoj  nor  is  it  the  same  now  at  London  m 
it  is  at  Bengal  or  Kaimtschatka.  The  needle  ia  continn^ 
but  slowly  verging  towards  the  East  and  West 

This  subject  was  first  examined  by  Mr.  Burrowes,  oboat 
the  year  1580,  and  be  found  the  variation  then,  at  London 
about  1  r  U'  East.  In  the  year  1657  the  needle  pointed 
due  North  and  South:  since  which  the  vnriatioa  has  bea 
'gmduolly  increasing  towards  the  West;  and  in  the  Tear  1801 
it  wua  equal  to  something  more  than  24°  West,  and  then  ad- 
vancing towards  the  some  quurter. 

Ch.  That  is  at  the  rate  of  something  more  than  ten  minnla 
«Bch  year. 

Fa,  It  ifl;  but  the  annua!  viriatioa  is  not  r^uUr:  it  il 
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more  one  jreor  than  another.  It  is  diSerent  in  the  several 
months,  and  even  in  the  hours  of  the  day. 

Ja.  Therefore,  if  I  want  to  set  a.  globe  due  North  and 
South,  to  observe  the  stare,  I  must  move  it  till  the  needle  in 
the  compass  points  to  24°  West. 

Fa.  Just  so:  and  mariners  kno^ng  this,  are  as  well  able 
to  sail  by  the  compass  as  if  it  pointed  due  North. 

CA,  You  mentioned  the  property  which  the  needle  had  of 
dipping,  after  the  magnetic  fluid  was  communicated  to  it.  la 
tliAt  always  the  some? 

Fa.  It  probobly  is,  at  the  same  place.  It  was  discovered 
bj  Robert  Norman,  a  compass- maker,  in  the  year  1576;  and 
be  then  found  it  to  dip  nearly  72°;  and,  from  many  obser- 
vations made  at  the  Rojid  Society,  it  is  found  to  be  tliH  sam& 

Ja.  Docs  it  difier  in  difierent  places  ? 

Fa.  Yes:  in  the  year  1773  observations  were  made  en  the 
subject,  in  a  voyage  toward  the  north  pole,  and  from  these  it 
appears  that 

IB  latltDdc  CV  I  a'  Uw  dip  WM  TG"  V 


I  will  show  you  an  experiment  on  this  subject.  Here  is  ti 
magnetic  bar  ami  a  small  dipping  needle:  if  I  carry  the  needle 
Buspendeil  freely  on  a  pivot,  from  one  end  of  the  magnetic  bar 
to  the  other,  it  wilt,  when  directly  over  the  south  pole,  settle 
<Urcctly  perpendicolarly  to  it,  the  north  end  being  next  to  the 
south  pole:  as  the  needle  is  moved,  the  dip  grows  less  andless, 
and  when  it  comes  to  the  magnetic  centre,  it  will  be  parallel 
to  the  bar;  afterwards  the  south  end  of  the  needle  vrill  dip, 
and  when  it  comes  directly  over  the  north  pole,  it  will  be 
again  perpendicular  to  the  bar. 

Ch.  In  what  part  of  the  world  is  the  loadstone  ibund,  Papa? 

Fa.  Nearly  in  all  parts;  but  particularly  in  Sweden  and 
Norway;  in  China,  Arabia,  in  the  Isle  of  Elba,  and  in  tbePhi- 
lippine  Isles. 

Ja.  Does  it  act  more  powerfully  in  its  nat:iral  or  in  its 
artificial  state? 

Fa.  Its  magnetism  may  be  conccntratcj?,  as  it  were,  and 
made  to  act  more  powerfully  by  means  of  artificial  magnets^ 
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Wliidi,  as  we  lukve  before  obierved,  are  prodBeefl  hf 
Dating  steel  bars  with  the  magnwtic  power,  so  tbaft  the 
magnets  are  now  of  little  value^ezo^  as  vtideBof 
The  following  &ct8  are  desenring  of  ieooIIectiQa>— 

1.  Every  magnet  has  two  qppoaite  pointer  celled  jmIbi 

2.  A  magnetyfredy  suspended,  arranges  Ha^  so  tiat  A 
poles  point  nearly  North  and  Sooth.  ThiB  is  caDeiAi 
reelwe  property^  or  polaritj  of  the  magnet, 

3.  When  two  magnets  ^iproaGh  each  other,  the  pdi 
the  s€UHe  names  (that  is,  both  North  or  bodi  So«^)  xepdl 
oUier. 

4.  Poles  of  dijfferent  names  attract  each  other. 

•    6.  The  loadstone  is  an  iron  we  natnraUj  pTwemningi 
iietinn* 

6.  Magnetism  taiaj  be  oommonioated  to  iron  mn^  staiL 

7.  A  steel  needle  rendered  magnetiG^aiid  fitted  op  insl 
eo  as  to  move  freel j  in  any  direction,  constitates  the  m*™ 
compass. 

Ch,  I  think  there  is  a  similarity  between  electridtf 
magnetism. 

Fa.  There  is  a  considerable  analogy,  and  a  remaik 
diflference  also  between  magnetism  and  electricity. 

Electricity  is  of  two  sorts,  positive  and  negative;  bo 
possessed  of  the  same  kind  of  electricity  repel  each  other, 
those  possessed  of  different  kinds  attract  each  other.— 
Magnetism,  every  magnet  has  two  poles:  poles  of  the  s 
name  repel  each  other,  and  the  contrary  poles  attract  i 
other. 

In  Electricity,  when  a  body,  in  its  natural  state,  is  bnx 
near  to  one  that  is  electrified,  it  acquires  a  contrary  electm 
and  becomes  attracted  by  it.  —  In  Magnetism,  when 
iron  substance  is  brought  near  one  pole  of  a  magnet,  it  aoqn 
a  contrary  polarity,  and  becomes  attracted  by  it. 

One  sort  of  electricity  cannot  be  produced  by  itself.  — 
like  manner,  no  body  can  have  only  one  magnetic  pole. 

The  electric  fluid  may  be  retained  by  electrics;  but  it  ] 
vades  conducting  substances.  —  The  magnetic  fluid  is 
by  iron;  but  it  pervades  all  other  bodies. 
.    Magnets  attract  only  iron;  but  the  electric  fluid 
bodies  of  every  sort 
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I  The  electric  virtue  resides  on  the  surface  of  electrified 
*  liodies;  but  the  magnetic  'a  iutcriial. 

»  A  ma^et  loeea  nothing  of  its  power  hy  magnetizing  bodies; 
■  but  nn  electrified  body  loses  part  of  its  electricity  by  electri- 
k  fying  oilier  bodies. 


QL-ESTfOSS  FOB  EXAMINATIOX. 


j;]obe»  timrlDg  b  ccunpAM  Httuibed  to 


eol  "howl  thii  property  ? 

PCI  in   wliftt  parilciJin 

ii«tiini  agree  f  —  tn 


condvct  Ibelr  n 

"         __  .......   ^  BugDtt  and  tz*Ay  ntquadcd, 

slwmri  jKiinU  DHir-Jj  uvtl]  ud  aoatii' 

5r  £rcT7  nugnet  hu  two  polo.     ^ 

c.  Inn  kbA  Mcel  ua  bs  nsdaad  mignMki:    lad  bui  thu  prepind  u« 

I.  Wlioi  two  micnea  an  bnngtit  near  eadi  other.  Ifaeli  polei  oTIbc  mrne 
same  npel  each  other;  bill  poleecfdlftnatiiameiattncl  each  other. 

e.  The  aKnetioo  i<  •troageit  at  Ibe  polea,  aod  It  dimlnltbei  In  prap«tian  to 
the  dislaDce  of  any  part  IVom  the  potea. 

9.  The  altnftioa  betveeB  the  Dugnct  and  ino  h  Diuliia]. 

in.  MagDcUealtncUiiabwitdimlBMied,  crIoaBr  war  a8M«d  bribe  tMv' 
pontian  of  ai^  Jdnd  ofbodlch  eceeptltm. 

II.  The  euthlUelfkas|va*tdIal>ca(TealiBagiKl,  toTiDEiUpalmDearto, 
bnt  not  mhiddioit  with,  the  oida  of  the  hnagliuuT  aila  tn  which  II  tanii. 

I^.  The  Duenci.  br  comamdcMiBg  lapaxipenta  (oatbs  bodies  ha*  wM  Iti 
dWD  powrr  dlraJnkhed- 

i^.  Thi' Riafatt  lanlf  poinli  dBenorihand  aoolh.  andltadcTtatiaaAmithal 
tine  is  called  the  TariatloD  <rf  the  canpaaa. 

M.  The  TariatloB  of  the  eampaaa  ii  dllferenl  to  dlftnMp>nio(tbewDiU.at 
diSennt  perioda  of  Uoie.  aBd  eno  at  diHrrrat  Imira  of  the  daj. 

15.  The  dip  of  the  needle  traa  dlieovered  b-f  Robert  TCorstaD :  In  tbia  c<NBtlJ 
H  ia  reckoned  about  73°. 

It,  Pore  into  moA  eadif  ncein*  and  loaea  magDetiam. 

17.  ^i«'I.  or  inin  dombinnl  with  orbon.  rciaiDithe  Dugnelic  propertlttwhM 


ELECTRICITY. 

FIRST    CONVERSATION 


FATHER CDAHLES JAMES. 

FaAtr.  If  I  rub  briskly  this  stick  of  se&ling-wax  on  ff 
coat-sleeTe,  or  on  a  piece  of  dry  flannel,  and  then  hold  * 
witiun  an  inch  of  nny  small  light  substance,  sucli  aa  f« 
at  littlfi  pieces  of  paper,  the  wax  will  attract  tliem,  and  ^ 
trill  sprinz  up  and  adbero  to  it. 

Ch,  I  think  I  have  heard  you  say  that  this  is  the  efl«t<' 
electricity,  but  I  know  not  what  electricity  is. 

Fa.  Nor  can  I  tell  you  its  precise  nature;  it  is,  howenJ. 
considered  a  fluid;  and  as  it  is  known  only  fay  its  eflectd,  lib  I 
many  other ngent^i  in  natural  science?,  I  have  not  hitherlotf' 
tempted  to  bewilder  your  minds  with  useless  theories,  n«tlw  ' 
shall  I,  in  the  present  cose,  ottenipt  to  say  what  the  eltttrf 
fluid  is:  its  action  is  well  kncpwn:  it  seems  diffused  over  e>-<«7 
portion  of  matter  with  which  we  are  a<-quainte<],  'nd,  by  Ik 
use  of  proper  means,  it  is  as  easily  coilected  from  tturronndis| 
bodies,  as  w-ifr  is  taken  fi-mii  a  river. 

Ja.  I  see  no  fluid  attached  to  the  Gealing-wax  wbea  )■ 
have  rubbed  it.  .  , 

Fa.  Nor  do  yon  see  the  air  which  you  breathe,  and  «P 
vrbich  you  are  surrounded :  yet  it  has  been  proved  to  jtw  tW 
it  is  a  fluid,  and  may  be  taken  from  any  vessel,  as  certuit^ 
though  not  with  so  much  esse,  as  water  may  be  poured  &W 
«  glass.  With  the  exercise  of  a  little  patience,  yon  shall  nf 
such  experimenti  as  will  not  fail  to  convince  yon  that  thotl* 
as  certainly  a^uid,  which  is  called  the  dtectric  Suid,  astfas* 
are  such  fluidsas  water  and  ain 
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Ch.  Water  must  have  been  known  ever  since  the  creation; 
Hid  the  existence  of  the  air  could  not  long  remain  a  bccret. 
.But  who  discovered  the  electric  fluid,  which  is  not  nt  all 
Mvident  to  tiie  sense,  either  of  si<;lit  or  feeling? 

Fa.  Thales,  who  lived  six  centuries  before  the  Christian 
CIS,  waa  the  first  wlio  observed  the  electrical  properties  of 
ember;  and  he  was  so  Struck  with  the  appearances,  that  he 
supposed  it  to  be  animated. 

It  is  from  this  circnmBtam^e  of  amber  being  the  first  sub- 
.stance  which  exhibited  this  peculiar  property,  that  the  science 
■was  called  eUctricUy,  beinfi;  derived  from  the  Greuk  word 
Aetrcn  {^\tcrpov),  "amber." 

Ja.  Does  amber,  like  seoling-wax,  attract  light  bodies? 

Fa.  Yes;  and  there  are  many  other  substuncea,  as  well  a« 
those,  that  have  the  wime  power.  After  Thole.'?,  the  first 
person  we  read  of  whs  noticed  this  subject,  was  TheophrostuB. 
%\a  disco>'ered  that  tourmaUue  has  the  power  of  attracting 
li^lit  bodies.  It  does  not,  however,  appear  that  the  subject, 
though  BO  extraordinary,  excited  much  attention  till  a.d.  1600, 
when  Dr.  Gilbert,  an  English  pliysician,  examined  a  great 
variety  of  substances,  with  a  view  of  ascertaining  how  far  they 
might  or  might  not  be  ranked  among  electric*. 

Ch.  What  is  meant  by  electrics? 

Fa.  Any  substance,  being  excited  or  rubbed  by  the  hand, 
or  by  a  woollen  cloth,  or  other  means,  Imving  the  power  of 
attracting  light  bodies,  is  called  nn  electric. 

Ja.  Is  not  electricity  accompanied  by  a  peculiar  kind  of 
llglit,  and  with  sparks? 

Fa.  It  is:  of  which  we  shall  speak  more  at  large  hereafter. 
The  celebrated  Mr.  Boyle  is  supposed  to  have  been  one  of  the 
iirsl  persons  who  obtained  a  glimpse  of  the  electrical  light,  or 
who  seems  to  have  noticed  ii,  by  rubbing  a  diamond  in  the 
dark.  But  he  little  imagined,  at  that  time,  what  aatonishing 
efl'ecta  would  afterwards  be  produced  by  the  same  power.  Sir 
Isaac  Newton  was  the  first  who  observed  that  excited  ghws 
attracted  light  bodies  on  the  side  opposite  to  that  on  which  it 
was  rubbed. 

CA,  How  did  he  make  the  discovery? 

Fa.  Having  laid  upon  the  table  a  round  piece  of  glass, 
nbout  two  inches  broad,  in  a  brass  ring,  by  which  it  was 
raised  from  the  table  about  the  eighth  of  on  inch,  and  then 
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Fa,  Like  other  bodies,  it  undoubtedJv  has  its  limits, 
gla^ij  will  hold  a  certain  tjuunttty  of  waiur;  but  if  I  attempt, 
to  pour  into  it  more  tbiw  tliat  qunntity,  a  port  will  flow  over. 
So  it  is  with  the  electric  fluid:  there  ig  a  certain  quantity' 
■wliicU  belongs  to  all  bodies;  and  this  is  called  their  natural 
quantity;  and  so  long  as  a  body  contains  neither  more  nor 
less  than  this  quantity,  no  sensible  ell'eet  is  produced, 

Ja.  Has  this  table  any  electricity  in  it? 

Fa.  Yea;  and  so  has  the  ink -stand,  and  everything  else  in 
the  room;  and  if  I  were  to  take  proper  means  to  put  more 
into  it  than  it  now  has,  and  you  were  to  put  your  knuckle  to 
it,  it  would  throw  it  out  in  the  sliape  of  sparks. 

Ja.  I  should  like  to  see  this  done. 

Ch.  But  what  would  happen  if  you  should  take  away  some 
of  its  natural  quantity? 

Fa.  Why,  the:i,  if  yon  presented  any  part  of  your  body  to 
the  table,  as  your  knuckle,  a  spark  would  f!o  from  you  to  tho- 
table,  to  supply,  in  some  measure,  the  deficiency. 

Ja.  But,  perhaps,  Charles  might  not  have  more  than  bia 
natural  share;  and  in  that  case  he  could  not  spare  any- 

Fa.  True;  but  to  provide  for  this,  the  earth  on  which  ha 
stands  would  lend  liim  a  little  to  make  up  for  the  quantity  he 
parted  with  lo  the  table. 

Ja.  This  must  be  an  amusing  study.  I  think  I  shall  like 
it  better  than  any  of  the  others. 

Fa.  Take  care  that  you  do  not  pay  for  the  amusement 
before  we  have  done. 

Ilere  is  a  glass  tube,  about  eighteen  inches  long,  and  peT^ 
haps  an  inch  or  more  in  diameter.  I  will  rub  it  up  nod  down 
quickly  on  my  arm,  the  cloth  on  which  is  dry  and  warm;  now  « 
you  will  see  that  if  I  present  it  to  these  fragments  of  papet^ 
feather,  thread,  or  gold-leaf,  they  will  aU  move  to  it.  That  ii 
called  electrical  attraetion. 

Ck.  They  spring  back  again  now;  and  now  ihey  return  td 
the  glass. 

Fa,  They  are,  in  fact,  alternately  attracteil  and  rt'pelled; 
and  this  will  last  several  minutes  ii  the  glass  be  strongly  ex- 
cited. But  there  are  always  two  states  of  electricity  co- 
caxistcnt;  tlius  when  glass  is  rubbed  on  woollen  cloth,  the  glass 
attracts  sad  the  cloth  repel*;  the  former  is  called  potUivc 
ekctridty,  and  tlie  latter  nrgaUve  electricity;  so  also,  when 
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Hght  bodies  are  attracted  by  excited  glaaa,  ih^  are  repefki 
by  excited  sealing-wax,  and  oontrarywiae;  whenoa  the  tWQ  am 
said  to  be  in  Opposite  electric  states;  whidi  gives  xiae  te  tfe 
terms  viireaui  cdectridly,  which  answers  to  the  poaitive^  aaA 
remuma  electrid^,  which  answers  to  the  nefs^re,  I  will 
rub  the  glass  again.  Present  your  knuckle  to  it  in  aereBsl 
partSy  one  after  another. 

Ja.  What  is  that  snapping?  I  feel  something  like  the 
pricking  of  a  pin. 

Fa.  The  snapping  is  occasioned  by  little  qparka  wlddk 
come  from  the  tube  to  your  knuckle;  and  these  give  the  aot- 
salion  of  pain. 

We  will  go  into  a  dark  room  and  repeat  the  experiment. 

Ch,  The  sparks  are  evident  enough  now;  but  I  do  not 
know  where  they  can  come  from. 

■  Fa,  The  air  and  everything  is  full  of  the  fluid  which 
appears  in  the  shape  of  sparks;  and  whatever  be  the  cause, 
which  I  do  not  attempt  to  explain,  the  rubbing  of  the  glass 
with  the  hand  collects  it;  and  having  now  more  than  its 
natural  share,  it  parts  with  it  to  you,  or  to  me,  or  to  any  cma 
ebewho  maybe  near  enough  to  receive  it. 
:  «.  a.  Will  any  other  substance,  besides  the  coat-sleeve  on 
your  arm,  or  the  hand,  excite  the  tube? 
•  Fa.  Tes,  many  others;  but  flannel  or  woollen  cloth  are 
the  best;  these  are  called  the  rubbers.  The  glass  tube,  or 
whatever  is  capable  of  being  thus  excited,  is  called  the  eleeirie. 

Ch.  Are  not  all  sorts  of  solid  substances  susceptible  of  ex* 
citation? 

Fa,  You  may  rub  this  poker,  or  the  round  ruler  for  ever, 
without  obtaining  an  electric  spark  from  them. 

Ja.  But  you  said  one  might  get  a  spark  from  the  mahogany 
table,  if  it  had  more  than  its  share. 

Fa.  So  I  say  you  may  have  sparks  from  the  poker  or  ruler, 
if  they  possess  more  than  their  common  share  of  the  electric 
fluid. 

Ch.  How  do  you  distinguish  between  bodies  that  can  be^ 
and  those  that  cannot  be,  excited? 

Fa.  The  former^  as  I  have  told  you,  are  called  electrics  at 
non^conduciorSy  as  the  glass  tube;  the  latter,  such  as  the 
poker,  the  ruler,  your  body,  and  a  thousand  other  subatanoai^ 
are  denominated  conductors. 
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Ch.  I  shonld  be  glad  to  know  the  reason  of  the  distinction, 
bec.iufc  I  shall  be  more  likely  to  remember  iL 

Fa.  When  you  held  your  knuckle  to  the  glass  tube,  you 
had  several  sparks  from  the  different  parts  of  it:  hut  if  I,  by 
any  means,  overcharged  a  conductor,  such  as  this  poker,  all 
the  electricity  wonld  come  away  at  a  single  spark;  because 
the  superabundant  quantity  flows  instantaneously  from  every 
part  to  that  point  where  it  has  an  opportunity  of  escaping, 
I  will  illustrate  this  by  an  experiment. 

Ja.  Do  you  call  the  glass  tube  a  non-conductor  becau^  it 
does  not  suffer  the  electric  fluid  to  pass  from  one  part  of  it  to 
another? 

Fa.  I  do.  Silk,  if  dry,  is  a  non- 
conductor. With  this  skein  of  sewing- 
silk  I  will  hang  the  poker,  or  any  other 
metal  substance,  a,  to  a  hook  in  the 
ceiling,  or  on  the  back  of  a  chair,  so 
as  to  be  about  twelve  inches  from  it; 
underneath,  and  near  the  extremity, 
are  some  small  substances,  as  bits  of 
paper,  &c.  I  will  excite  the  glass 
tube  and  present  it  to  the  upper  part 
of  the  poker. 

CA.  They  are  all  attracted:  but  now 
jou  take  away  the  glass  they  are  quiet. 

Fa.  It  is  evident  that  tlie  electric 
ffoid  passed  from  one  part  of  the  tube 
through  the  poker,  which  is  a  con- 
ductor, to  the  paper,  and  attracted  it. 
If  the  glass  be  properly  excited,  you  may  take  sparks  from 
the  poker. 

Jd.  Would  not  the  same  happen,  if  another  glass  tube  were 
placed  instead  of  the  poker? 

Fa.  You  shall  try. — Now  I  have  put  the  glass  in  the  place 
of  the  poker.  Let  me  excite  the  other  tube  as  much  as  I  will, 
no  effect  can  be  produced  on  the  paper;  there  ore  no  signs  of 
electrical  attraction;  which  shows  that  the  electric  fluid  will 
not  pass  through  glass. 

CA.  What  would  have  happened  if  any  conducting  substance 
had  been  used,  instead  of  silk,  to  suspend  the  iron  poker? 

Fa.  If  I  had  suspended  the  poker  with  a  moistened  hempca 
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fltring,  the  electric  fluid  would  all  have  passed  awaj  thrqi^ 
it;  and  there  would  have  been  no  appearances  of  dectrici^  aft 
tiie  end  of  the  poker,  or,  if  any,  thej  would  have  been  voy 


You  may  vary  these  ezperimoits  till  yxm  make  youxBelvea 
perfect  witiii  r^^rd  to  the  distinction  between  eonduetors  asd 
non-conductors.  Sealing-wax  is  a  non-conductor^  and  mi^ 
be  excited  as  the  glass  tube  so  as  to  produce  similar  efibelk 
I  will  give  you  a  list  of  camhicion  and  tum^camducJorM^  dia* 
posed  according  to  the  order  o£  their  perfection;  begiimiiig  in 
each  list  with  tiie  most  perfect  of  their  dass:  thua,  glua  is  a 
better  fton^conductor  or  electric  than  amber;  ana  gold  %^ 
better  conductor  than  silver:—* 


TABLE. 


irmr^coNDuciOBS. 


GUm  of  all  kinds. 

All  precious  stones :  the  most  traiisp»> 

rent  the  best. 
Amber. 
Solpfaor. 

All  reeinous  substances. 
Wax  of  all  kinds. 
Bilk  and  cotton. 
Featliers,  wool,  and  hair. 
Paper;  loaf  sugar. 
Air,  ^en  quite  dry. 
Oils  and  metallic  oxides. 
Athes  of  animal  and  v^etable  fob- 

stances. 
Moat  ha^  stones:  and 
Sarth,  when  quite  dry. 


\  11  thn  inrtili,  tn  thn  fiJInw  Ini  m^m  j 

Gold;  silrer; 

Copper  ;'platina; 

Brass;  iron; 

Tin;  quickailTer; 

Lead. 

Solution  of  metallic  salts. 

Metallic  ores. 

Charcoal. 

Animal  fluids. 

Water,  and  other  fluids,  except  oQ. 

lee;  snow. 

Most  saline  substancea. 

Earthy  substances. 

Smoke;  steam. 


QUESTIONS  FOR  EXAMINATION. 


What  is  supposed  to  be  the  nature 
of  the  agent  producing  the  phenomena 
of  electricity? — Can  substances  con- 
tain more  than  a  certain  quantity  of 
ttie  electric  fluid  ?  —  Does  every  sub- 
stance possess  a  certain  quantity  of  the 
•leetrio  flukl?  —  In  what  cases  are 
QMrks  obtained  iW>m  any  bodies?  — 
For  what  purpose  is  a  glius  tube  used 


in  this  science?  —  What  is  meuit 
attraction  and  repulsion  in  this  i 

—  In  what  way  is  the  electric  flnkl  col- 
lected?—  Explain  the  diatinctioa  k»> 
tween  electrics  and  condoctors. — What 
other  name  is  there  for  eleetrica?— 
Explain  the  experiment  shown  bjyaf.L 

—  Examine  the  table. 


CONVEESATIOK  UL 

OF     THE     ELECTRICAL     ItACBlHE, 

Father.  I  will  now  explain  to  70U  the  constmctioa  of  tlie 
eleclricol  macliine,  and  show  you  how  lo  use  it. 

Soon  after  ibe  electric  fluid  engaged  ibe  attention  of 
men  of  science,  they  began  to  contrive  the  readii-st  methods 
of  collecting  large  quantities  of  it.  By  rubbing  this  i^tick  o^ 
Bealing-wnx,  1  can  collect  a  small  portion.  If  I  excite  or  rub 
the  glass  tube  I  get  still  more.  The  olgert  therefore  wa*,  to 
invent  a  machine,  by  which  llie  largest  quantiiiea  could  be 
collected,  with  as  little  trouble  and  expense  aa  possible. 

Ja.  You  get  more  electricity  from  the  tube  than  tirom  the 
eealing-wax,  because  it  is  five  or  six  tiroes  as  large.  By  in* 
creasing  the  site  of  the  tube,  I  suppose  you  would  increase  tlie 
quantity  of  the  electric  fluid. 

Fa.  That  is  a  natural  conclusion.  But  if  you  look  to 
Ae  tabic  of  non-conductors,  which  I  made  out  yesterday,  you 
will  See  that,  had  the  wax  been  as  large  us  the  glass  lube,  it 
would  not  have  collected  so  much  of  the  electric  fluid;  because^ 
in  its  own  nature,  it  is  not  so  good  an  electric. 

Ch.  'By  the  table,  glass  stands  as  the  most  perfect  electnc: 
bot  there  are  several  subatAnces  between  it  and  wax;  all  of 
which  arc,  I  believe,  more  perfect  electrics  than  was. 

Fa.  Certainly:  electricians,  therefore,  had  no  doubt  ns  to 
the  nature  of  the  substance:  they  fixed  on  glass;  which,  being 
easily  melted  and  blown  into  all  sorts  of  forms  is,  on  that 
account,  very  valuable. 

The  most  common  form 
now  uaed  is  that  of  a  gkss 
cylinder,  Irom  five  or  six 
inches  in  di&meter,  to  ten  or 
twelve  in  length.  Here  is 
one  completely  fitted  up. 
The  cylinder,  ab,  is  abont 
eight  inches  in  diameter,  and 
twelve  in  length.  This  I 
turn  round  in  the  frame- 
work with  the  handle  n  c. 

Ja,  What  is  the  piece  of  black  silk,  k,  for' 
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Fa.  Tbe  cylinder  would  be  of  no  »m  ^thout  a  rubbv:* 
wbinh  account  you  see  the  glass  pillar,  r  s,  irhich,  bpiiy» 
mented  into  a  piece  of  hard  wood,  is  made  to  screw  inM  Ot 
iMtlom  orthe  machine.  On  the  pilliir  is  a  cushion,  to  w  * 
ie  ntt«rhed  the  piece  of  black  silk.  The  cushion  is  };«iia 
moile  of  soft  leather,  and  stuficd  with  horse  buir  or  wool,  jnfi 
as  the  cushions  of  chnirs  are  made. 

Ck.  And  I  perceive  the  cushion  is  made  to  preas  iari 
against  the  glais. 

Fa.  This   pressure,  when   the  cylinder  is    turned  round 

quickly,  acts  precisely  like  the  rubbing  of  the  tube  on 

woollen  cloth,  though  in  a  still  more  perfect  muiner.    I  wil 

turn  it  round. 

'Ja.  I  do  not  see  much  sign  of  elc«tri(aty  yet 

Fa.  No:  the  machine  is  complete;  but  it  has  no  taoBtd 
collecting  the  fluid  from  the  surrounding  bodies:  for,  yoa  m^ 
the  cushion  or  rubber  is  fixed  on  a  glass  pillar;  and  glass  w3l 
not  conduct  the  electric  fiuid. 

Ch.  Nevertheless,  by  turning  round,  it  shows  some  agM 
of  attraction. 

Fa.  Every  substance  in  nature,  with  which  we  are 
quanted,  possesses  a  portion  of  this  fluid;  and  therefore  tbe 
signs  which  are  now  evident  arise  from  the  small  quaalii; 
existing  in  the  rubber  itself,  and  the  atmosphere  that  ii 
mediately  suiTounds  the  machine, 

Ch.  Would  the  cose  be  difierent,  if  the  rubber  were  &xtd    I 
on  a  conducting  substance,  instead  of  glass? 

Fa.  It  would.  But  there  is  a  much  easier  method:  I  will 
hang  this  brass  chain  on  the  cushion  at  b,  which,  being  serenl  I 
feet  long,  lies  on  the  table,  or  on  the  floor;  and  this,  yon 
perceive,  is  connected,  by  meanx  of  other  objects,  whk  Ae 
earth,  which  is  the  grand  reservoir  of  the  electric  fluid.  No* 
see  ^e  efiect  of  tuming  round  the  cylinder.  Bat  I  nvt 
inaice  every  part  of  it  dry  and  rather  warm,  hy  rnhhJi^  It 
with  a  dry  warm  cloth. 

Ja.  It  is  indeed  very  powerful     What  a  crackling  ncuM  it 

Fa.  Yea;  now  shut  the  window-shutters. 

Ch.  The  appearance  is  very  beautiful:  the  flashes  from  ll« 
silk  dart  all  round  the  cylinder. 

Fa,  I  will  now  bring  to  the  cylinder  the  tin  conductor,  I* 
which  is  also  placed  on  a  glass  pillar,  f  V,  fixed  in  tbe  staad  tf  1. 


Ja,  "Wliat  is  the  use  of  ihe  poinM  in  the  tin  conductor? 

Fa.  They  ai-e  intended  to  collect  the  fluid  from  the  eylin- 
ler.  I  will  turn  the  cylinder;  Eind  now  hold  your  knuckle 
within  four  or  five  inches  of  the  conductor. 

Ck,  The  painful  sensations  which  the^te  sparks  occasion 
prove  that  the  electric  fluid  ia  a  very  powerful  agent,  when 
collected  in  large  quantities. 

Fa.  To  show  you  the  nature  of  conducting  bodies,  I  will 
now  throw  another  brosB  chwn  over  the  conductor;  so  that 

B  end  of  it  may  lie  on  the  floor.  See,  now.  if  you  can  get 
uy  sparks  while  I  turn  the  machine. 

Ja.  No,  none,  however  near  I  put  my  knuckle.  Does  it 
dl  run  away  by  the  chain? 

Fa.  It  does:  a  piece  of  brass  or  iron  wirewoulddo  as  well; 
ind  so  would  any  conducting  substance  which  touched  the 
ionductor  with  one  end,  and  the  floor  with  the  other.  Your 
body  would  do  aa  well  as  the  cJiain.  Place  your  hand  on  the 
conductor  while  I  turn  round  the  cylinder:  and  let  your 
brother  bring  his  knuckle  near  the  conductor. 

Ch.  I  can  get  no  spark. 

Fa.  It  runs  through  your  brother  to  the  earth;  and  you  see 
that  his  body  is  a  conductor,  as  well  as  the  chain.  With  a 
Tery  little  contrivance,  I  can  take  sparks  from  you  or  James, 
&s  well  as  you  did  from  tiie  conductor. 

Ja.  I  should  like  to  see  how  that  ia  done 
'       Fa.  Here  is  a  small  stool,  having  a  mahogany  top  and  glass 
,  legs.     If  you  stand  on  it.  and  put  yonr  hand  on  the  conductor, 
■ttie  electricity  will  pa,ss  from  the  conductor  to  your  body, 

Ch.  Will  the  glass  legs  prevent  it  from  running  Irom  him 
to  the  earlh? 

Fa.  They  will:  and  therefore  what  he  receives  from  the 
conductor,  he  will  give  oflT  to  any  of  the  surrounding  bodies,  or 
to  yoti,  if  you  bring  your  hand  near  enough  to  any  part  of  him. 

Ja.  The  sparks  are  more  painful  when  coming  through  my 
.slothes,  than  when  I  received  them  on  my  bare  hand. 

Fa.  You  understand,  I  hope,  this  process. 

Ch.  By  means  of  Ihe  chain  tmiiing  on  the  ground,    the 

dectric  fluid  is  collected  from  the  earth  on  the  glass  cylinder, 

which  gives  it,  through  the  points,  to  the  conductor.     From 

•  this  it  may  be  conveyed  away  again  by  means  of  other  con- 

)  ductors. 

Fa,  Whenever  a  boily  ia  supported   or  prevented  from 
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toaching  the  earth,  or  commnnicating  with  it,  Igr  mmm  cf 
•glass  or  other  non-conducfciiig  sabstanoei^  it  is  waad  to  ba 
imsulaied.  Thas,  a  body  suspended  on  a  silk  Aread  is  ia- 
sulated;  and  so  is  any  substance  that  stands  on  glaai^  or  TCd% 
or  wax,  provided  that  these  be  in  a  dry  slate;  for  moistme 
will  conduct  away  the  electric  fluid  from  any  charged  body. 

QUESTIONS  FOB  EXAMnTATIOir. 


For  what  it  the  dectrlcal  machine 
med? — Explain  the  parts  as  repre- 
flented  in  lig.  9.  —  How  does  the 
euhion  act? —  What  conneeti  the 
auchine  with  the  forroonding  bodies? 
—  What  is  the  grand  reservoir  of  the 
electrlo  fluid?  —  How  is  the  dectrio 


flnid  eoUeetBd  fkom  tin  cgiteSv?— 
What  proof  it  llMte  that  tte  dntab 
Said  is  a  wtrj  powwftU  afCBtY— Bov 
are  slwiitikal  sfiiilDB  takm  tnm,  tti 
hmnanbodj? — What  pseniia  itlf 
nnrning  to  tbe  oott?— Wkat  is 
meant  by  tn—latina  a  bo^r 


CONVERSATION  IV 

OF   THE    ELECTRICAL    MACHIMB  *— COn/mtf«dL 

Charles,  What  is  that  shining  stuff  which  I  saw  yt>ii  put 
on  the  rubber  yesterday? 

Fa.  It  is  called  amalgam:  the  rubber,  by  itself,  would  pro- 
duce a  very  slight  excitation ;  but  its  power  is  greatly  increased 
by  la3dng  upon  it  a  little  of  this  amalgam^  which  is  made  of 
quicksilver,  zinc,  and  tinfoil,  with  a  little  tallow  or  mutton 
suet:  the  best  amalgam  is  that  recommended  by  Mr.  Singer, 
which  is  composed  of  one  ounce  of  tin  melted  with  two  ounces 
of  zinc,  and  this  in  a  state  of  fluidity  is  to  be  mixed  with  six 
ounces  of  mercury,  and  the  whole  well  triturated  in  a  wooden 
mortar  till  cold.  It  is  now  to  be  made  into  a  fine  powder, 
and  mixed  with  enough  hog's  lard  to  form  it  into  a  paste. 

Ja.  Is  there  any  art  required  in  using  this  amalgam? 

Fa.  When  the  rubber  and  silk  flap  are  very  clean  and  dry, 
and  in  their  place,  then  spread  a  little  of  the  ftwiAlgnrri  upon  a 
piece  of  leather,  and  apply  it  to  the  under  part  of  the  glass 
cylinder,  while  it  is  revolving  from  you.  By  this  application 
particles  of  the  amalgam  will  be  carried  by  the  glass  itself  to 
the  lower  part  of  the  rubber,  and  will  increase  the  excitation. 

Gl.  I  think  I  once  saw  a  globe,  instead  of  a  cylinder,  for 
an  electrical  machine. 

Fa.  You  might:  globes  were  used  before  cylinders;  but  tha 
latter  are  the  most  convenient  of  the  twa    The  moat  pow>» 
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erfiil  electrical  machines  are  fitted  with  fiat  plates  of  gla=5. 
In  our  experiments,  we  sfa&ll  be  content  with  the  cylinder, 
which  will  answer  every  purpose  of  explaining  the  principles 
of  the  science. 

Ja.  As  I  WHS  able  to  conduct  the  electricity  from  the  tin 
condactor  to  the  ground,  could  I  likewise  act  the  part  of  the 
cboia  bj  conducting  the  fluid  from  the  earth  (o  the  cushion? 

Fa.  Undonbtedlj:  I  will  take  off  the  chain,  and  now,  jou 
keep  jour  bond  o'n  the  cushion,  while  I  turn  the  bundle. 

Ja.  I  see  the  machine  works  as  well  ai  when  the  chain 
wo.?  on  the  ground. 

Fa.  Keep  your  present  position;  but  stand  on  the  etuol 
■with  glass  1^8;  by  which  means  all  communication  is  now  cut 
off  between  the  cushion  and  the  earth:  in  other  words,  the 
cushion  is  ccmpletclj  insulated,  and  can  ouly  take  from  jon 
what  electricity  it  can  get  from  jour  body.  Go,  Charley  and 
shake  hands  with  your  brother. 

Ch.  It  does  not  appear  that  tbe  machine  had  taken  all  the 
electricity  from  him;  for  he  gave  me  a  smart  spark. 

Fa.  You  are  mistaken:  he  gave  you  nothing;  but  he  look 
a  spark  from  you. 

Ch.  1  stood  on  the  ground.  I  was  not  electrified.  How, 
then,  could  I  give  him  a  spark? 

Fa.  llie  machine  had  taken  from  your  brother  the  elec- 
tricity that  was  in  his  body,  and  by  standing  ou  the  stool, 
(that  is,  by  being  insulated,)  he  bad  no  means  of  receiving 
any  more  from  the  earth,  or  any  surrounding  objects:  tbe 
moment,  therefore,  you  brought  your  hand  near  him,  the 
dectricity  passed  from  you  to  him. 

Ch.  I  certainly  felt  the  spark ;  but  whether  it  went  out  of, 
or  entered  into  my  hand,  I  cannot  lell.  Have  I,  then,  less 
than  my  share  now? 

Fn.  No;  what  you  gave  to  your  brother,  was  suppUed 
immediately  from  the  earth.  Ilcre  is  another  gla»-l^ged 
BtooL  Stand  on  this  at  the  distance  of  a  foot  or  two  from 
jour  brotlicr,  who  still  keeps  his  place.  I  will  take  the  elec- 
tricity from  him  by  taming  the  machine;  and,  as  he  stands 
on  the  stool,  he  has  now  less  than  his  sliare.  But  you  have 
your  natural  ?hare,  because,  though  you  also  are  insulated, 
yet  you  are  out  of  the  iofiuence  of  tbe  machine.  £itend, 
therefore,  your  hand,  and  givo  him  a  port  of  tbe  electric 
fluid  that  is  in  tod. 
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d.  I  have  giyen  him  a  qparic 

^a.  And  being  yoorself  inBoIcted,  yoa 
your  natural  quantity;  to  aupply  wliioli»  joa 
fixHn  me.    Give  me  your  luuiflL    Why,  jou  «ba!«r  it  iMk 

without  my  touching  it.  '. 

Ck.  I  did;  but  it  was  near  enough  to  get  a 
from  you. 

Fa.  When  a  person  has  left  electridtj.tliaa  hSm 
share,  he  is  said  to  be  electrified  munu^  (-^)  or  nimaliitifl 
but  if  he  has  mare  than  his  natural  shar^  ha  ia  said  to  li 
electrified  plus^  (4- )  or  positively. 

Ja.  Then,  before  Charles  gave  me  the  sparic,  I 
trified  minus,  and  when  he  had  given  it  ni^  he 
till  he  received  it  from  you. 

Fa.  Certainly.  Suppose  you  stand  on  a  stool,  mad  kdi 
the  rubber,  and  Charles  stand  on  another  stool,  and  toach  Urn 
prime  conductor  l,  while  I  turn  the  machine;  which  of  yia 
will  be  plus,  and  which  minus  electrified? 

Ja.  I  shall  be  minus,  because  I  give  to  the  rubber:  aod 
Charles  will  be  plus,  because  he  receives  from  the  ocmdudor 
what  I  gave  to  the  rubber,  and  which  is  carried  by  the 
cylinder  to  the  conductor. 

Fa.  You  then  have  less  than  your  share,  and  your  brothsr 
has  more  than  he  ought  to  have.  Now,  if  I  get  another  glass* 
legged  stool,  I  can  Uike  from  Charles  what  he  has  too  much, 
and  give  it  to  you  who  have  too  little. 

Ch.  Is  it  necessary  that  you  should  be  insulated  for  this 
purpose? 

Fa.  By  being  insulated,  I  may  perhaps  carry  b%ck  to  James 
the  very  electricity  which  passed  from  him  to  you.  But  if  I 
stand  on  the  ground,  the  quantity  which  I  take  from  yoa  will 
pass  into  the  earth,  because  I  cannot,  unless  I  am  insulated, 
retain  more  than  my  natural  share. 

Ja.  And  is  the  quantity  I  have  received  from  you  likewise 
instantaneously  supplied  by  the  earth? 

Fa.  It  is.  Let  us  make  another  experiment,  to 
show  that  the  electric  fluid  is  taken  from  the 
earth.  Here  are  some  little  balb  made  of  the  pith 
of  elder:  they  are  put  on  thread,  and  being  very 
light,  are  well  adapted  to  our  purpose. 

While  the  chain  is  on  the  cushion,  and  I 

iiff.  a 
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rork  the  macbine,  you  must  bring  the  balls  near  the  con- 
hictor,  by  holding  the  thread  at  d. 

'a.  They  are  attracted  by  it;  and  now  the  two  balls  repel 
h  other,  as  in  the  figure  x. 

ya.  I  ought  to  have  told  you,  that  the  upper  part,  d,  of  the 
Itfiread  is  silk,  by  wliich  you  are  aware  that  the  bolb  are  insu- 
plated;  as  silk  is  a  non-conductor.     I  will  take  the  chain  from 
~  B  cushion,  and  put  it  on  the  conductor,  so  as  to  allow  it  to 
g  on  the  ground,  while  I  turn  the  machine.     Will  the 
s  be  affected  now,  if  you  hold  them  to  the  conductor' 
'a.  No. 

Fa.  Take  them  to  the  cushion. 

CA,  They  are  attracted  and  repelled  now,  by  being  brought 
lear  the  cushion,  as  they  were  before,  by  being  carried  to  the 
[conductor. 

la.  Yea;  and  yon  may  now  take  sparks  from  the  cushion 
aa  you  did  from  the  conductor:  in  both  cases  it  must  be  evident 
that  the  electric  fluid  is  brought  from  the  earth. 

Some  machtnes  are  furnished  with  two  conducton;  one  of 
which  is  connected  with  the  cushion;  the  other  such  as  we 
have  described.  Turn  the  cylinder,  and  both  conductors 
will  be  electrified;  but  any  substance  brought  within  the  in- 
fluence of  these  will  be  attracted  by  one  of  the  conductors, 
and  repelled  by  the  other:  and  if  a  chain  or  wire  be  made  to 
connect  the  two  together,  neither  will  exhibit  any  electric 
appearances:  they  seem,  therefore,  to  be  in  opposite  states. 
Ancordingty,  electricians  suy  that  the  conductor  connected 
with  the  cushion  is  negath'ely  electrified,  and  the  other  post' 
lively  electrified,  and  substances  are  accordingly  called  either 
electro-positive  or  electro-negative  bodies. 


QUESTIONS  FOE  EXAMINATION. 

Whkt  1i  Out  omiiHHltlon  of  iimil-  I  ]esa  of  tbc  Hold  (hwi  hit  nMunl  ibareT 
fun.  ani  for  Hint  U  It  ludd?  —  Kx-  — How.  when  he  liM  mote '  —  Eipliln 
pliUq  thfl  ioad«  In  which  npArkj  an  the  oxpcrlment  of  th?  pith  tnlli*JI|f.l. 
aativtjed  from  one  td  uotber.  —  Haw  —  Fur  what  nre  twu  coodoeUn  BWd 
ii  apcnaaikld  tobolMtiUcdwhobM  I  in  iinne  mwhiim? 
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CONYERSATIOir  ▼ 

OF  ELBCTBIOAL   ATTKACnOR  JUKD 

James.  What  is  this  large  rdl  of  sediiig-inac  ftr? 

Fa.  Ag  I  mean  to  explain,  this  monungy  the  principhfrf 
electrical  attraction  and  repulsion,  I  have  Drooglit  oati  m  aA* 
dition  to  the  electrical  machine,  the  ]aog  giawtobe^  and  a  vol 
of  sealing-wax,  ahout  fifteen  inehea  loog^  andi  ma  inch  aaia 
quarter  in  diameter. 

Ch.  Are  thej  not  both  electrics,  and  capable  of  beiu^  cs- 
cited? 

Fa.  Yes:  but  the  dectridtj  produced  hjezcHiBgtiieailai 
contrary  properties. 

Ja.  There  are  then  two  kinds  of  electricitie8»  I  sappoaal^ 

Fa.  I  will  show  jou  an  experiment  before  I  attempt  to 
give  anj  theoretical  exposition.  I  will  exdte  the  glass  tube 
and  Charles  shall  excite  the  wax.  Now,  you  bring  the  pith* 
balls,  which  are  suspended  on  silk,  to  the  tube:  they  are  sud- 
denly drawn  to  it;  and  now  they  are  repelled  fitnn  oee 
another,  and  likewise  from  the  tube;  for  yon  cannot  easfly 
make  them  touch  it  again:  —  but  take  them  to  the  excited 
wax. 

Ja.  The  wax  attracts  them  very  powerfully:  now  they  £tB 
together  again;  and  appear  in  the  same  state  as  when  tbej 
were  brought  to  the  excited  tube. 

Fa^  Repeat  the  experiment  again  and  again;  because  fraa 
.this,  two  different  theories  have  been  formed.  One  of  whidt 
is,  that  there  are  two  electricities,  called  by  some  philoeophem 
the  vitreous  or  positive  electridty,  and  the  resmaus  or  negative 
dectridty. 

Ch,  Why  are  they  called  vitreous  and  resinous  f 

Fa.  The  word  vitreous  is  from  the  Latin,  and  signifies  any 
§lassy  substance;  and  the  word  resinous  is  used  to  denote 
that,  the  dectridty  produced  by  resins,  wax,  &c^  possesses 
different  qualities  from  that  produced  by  glass. 

Ja.  Is  it  not  natural  to  suppose  that  there  are  two  electii* 
dties,  since  the  excited  wax  attracts  the  very  same  bodies' 
that  the  excited  glass  repels? 

Fa.  It  may  be  as  easily  explained,  by  supposing  that  every 
body,  in  its  natural  state,  poesesses  a  certain  quantity  of  the 
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olectric  fluid;  and  if  a  part  of  it  be  l.iken  awtij,  it  cnileiivaurs 
to  get  it  tram  other  bodies;  or  if  more  be  tbruwn  upon  it 
tbai;  its  natural  qumitit/,  it  yields  it  readily  to  otbor  bodiw 
that  come  within  its  influence. 

Ch.   I  do  not  understand  this. 

Fa.  If  I  excite  thLs  glitas  tube^  the  dectrid^  which  it 
exhibits  is  sapposed  to  come  from  my  hand;  hot  if  I  eicita 
the  roll  of  wax  in  the  some  way,  the  effect  is,  according  to 
this  theory,  that  a  part  of  ihe  electric  fluid,  naturally  belong- 
ing to  the  wax,  passes  from  it  tlirough  my  hand  to  the  earth: 
and  the  wax  being  snrronnded  by  the  air,  which,  in  its  dry 
state,  is  a  non-conductor,  remains  exhausted,  and  is  ready  to 
take  sparks  from  any  body  that  may  be  presented  to  it. 

Ja.  Can  you  distinguish  that  the  spiirkj  come  from  the 
glass  to  the  hand:  and,  on  the  contrary,  from  the  hand  to  the 

Fa.  No;  the  velocity  with  which  light,  and,  of  course,  the 
electric  spark,  moves,  renders  it  impo^ible  to  say  what  couiwe 
It  takes;  but  I  shall  show  yon  other  experiments  which  aeem 
to  justify  this  theory:  and  aa  nature  always  works  by  the 
simplest  means,  it  seems  more  consistent  with  her  usual  ope- 
rations that  there  should  be  one  fluid  mther  IJian  two,  pro- 
vided that  known  facts  can  be  equally  well  accounted  for  by 
one  as  by  two. 

Ch.  Can  you  account  for  all  the  leadmg  &cts  by  either 

F-i.   Yes,  I  tliink  so. 

You  saw  when  the  pith  balls  were  electrified,  they  repelled 
one  another.  It  is  a  general  principle  in  electricity,  that  two 
bodies,  having  more  than  their  natural  share  of  the  electric 
fluid,  will  repel  one  another.  But  if  one  have  more,  and  the 
other  less  than  its  share,  they  will  attract  one  another. 

Ja.  How  is  this  shown? 

Fa.  I  will  hold  this  bttll.  which  is  insulated  by  a  silk 
thread,  to  the  condnctor.  and  yon,  Charlies,  do  the  same  with 
the  other.     Let  ua  now  bring  them  together. 

Ch.  I  perceive  we  cannot:  they  fly  from  one  another. 

Fa.  I  wiU  hold  mine  to  the  insulated  cushion,  and  yoo 
shall  hold  yours  to  the  conductor,  while  the  machine  is  tarned; 
BOW  I  suspect  tb^  will  attract  one  uiother. 

XM-2 
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Ja.  Thej  do,  indeed. 

CA.  The  reason  is  this,  I  sappose:  tlie  ciuluoik  md  iM* 
ever  is  in  contact  with  it,  parts  with  a  portioii  of  its  deehi* 
citj;  but  the  conductor  and  the  adjcriniiig  bodies  huTe  mm 
than  their  share;  therefore,  the  ball  applied  to  the  euabioii 
being  negatively  electrified,  will  attract  the  one  conneekd 
with  the  conductor,  which  is  positively  electrified. 

Fa,  Here  is  a  tuft  of  feathers,  which  I  will  stick  in  i 
small  hole  in  the  conductor:  now  see  what  ]ui|»peiis  to  tfav 
when  I  turn  the  cylinder. 

Ja.  They  all  endeavour  to  avoid  each  other,  and  stud 
erect,  in  a  very  beautiful  manner.  Let  me  take  a  spark  firm 
the  conductor.     Now  they  fall  down  in  a  moment. 

Fa,  When  I  turned  the  wheel,  they  all  had  more  tiMi 
their  share  of  the  electric  fluid,  and  therefore  they  repdM 
one  another;  but  the  moment  the  electricity  was  taken  awifi 
they  fell  into  their  natural  position.  A  large  plume  of  fea- 
thers, when  electrified,  grows  beautifully  turgid,  expandiif 
its  fibres  in  all  directions;  and  they  collapse  when  the  electri- 
city is  taken  off. 

Ja.  Could  you  make  the  hairs  on  my  head  repel  one 
another? 

Fa^  Yes,  I  could,  indeed.  Stand  on  the  glass-legged  stool) 
and  hold  the  chain  that  hangs  on  the  conductor  in  your  hai4 
while  I  turn  the  machine. 

Ch,  Now  your  hairs  stand  all  on  end. 

Ja,  And  I  feel  something  like  cobwebs  over  my  face. 

Fa,  There  are,  however,  no  cobwebs:  but  that  is  a  seoM- 
tion  which  a  person  always  experiences  if  he  is  highly  elee- 
trified.   Hold  the  pith  ball,  Charles,  near  your  brother's  fiioe. 

Ja,  It  is  attracted  in  the  same  manner  as  it  was  before 
with  the  conductor. 

Fa,  Hence  you  may  lay  it  down  as  a  general  rule,  that  all    I 
light  substances  coming  within  the  influence  of  an  electrified 
body  are  attracted  by  it,  whether  electrified  positively  or 
negatively. 

Ck,  Because  they  are  attracted  by  the  positive  electridt}' 
to  receive  some  of  the  superabundant  quantity;  and  by  the 
negative,  to  give  away  some  that  they  possess. 
Fa.  Just  so:  and  when  they  have  received  as  much  is 
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they  caii  contain,  tbey  are  repelled  by  the  electrified  body 
Xhe  same  tbing  may  be  sbown  in  various  ways.  Having  ex- 
cited tiiia  giaas  tube,  either  by  rjbbing  it  several  times  oo 
'the  cloth  of  mj  coat  sleeve,  or  by  means  of  a  piece  of  flannel, 
'  I  will  bring  it  near  this  email  fentiier.  See  bow  quickly  it 
*BpringB  to  the  glass. 
'      Ja.  It  does,  and  sticks  to  it  too. 

'  Fa,  You  will  observe  that,  uttex  a  minute  or  two,  it  will 
'bive  taken  as  much  electricity  from  tbe  tube  as  it  can  hold; 
fwhen  it  will  suddenly  be  repelled,  and  simng  to  the  nearest 
conductor;  upon  which  it  will  discharge  the  superabundant 
'electricity  that  it  has  acquired. 

'  Ja.  I  see  it  is  now  going  to  the  ground — that  being  tho 
'  nearest  conductor. 

Fa.  I  will  prevent  it,  by  holding  the  electrified  tube  be- 
tween it  and  the  fioor.  You  see  how  unwilling  it  is  to  come 
again  in  contact  with  the  tube:  by  pursuing  it,  I  can  drive 
it  where  I  please  without  touching  it. 

Ch.  That  is,  because  the  glass  and  the  feather  are  both 
loaded  with  the  same  electricity. 

Fa.  Let  the  feather  touch  the  ground,  or  any  other  con- 
ductor, and  you  will  see  that  it  will  spring  to  the  tube  as 
nimbly  as  it  did  befbre. 

I  will  suspend  this  brass  plate,  which  is  about  five  inches 
in  diameter,  to  the  conductor;  and  at  tbe  distance  of  three  or 
four  inches  below  I  will  place  some  small  feathers,  or  bits  of 
paper  cut  into  the  figures  of  men  and  women.  They  lie  very 
quiet  at  present:  but  observe  their  motions  as  soon  as  I  turn 
tbe  wheeL 

Ja.  Tbey  appear  to  represent  dancing  figures;  they  jump 
up  to  tbe  plate  and  down  again. 

Fa,  Tbe  same  principle  is  evident  in  all  these  experiments. 
The  upper  plate  has  more  than  its  own  share  of  tbe  electric 
fiuid,  which  attracts  the  little  figures.  As  soon  as  tbey  have 
received  a  portion  of  it,  they  go  down  to  give  it  to  the  lower 
plate;  and  so  it  nill  continue  till  the  upper  plate  is  divested 
of  its  superabundant  quantity. 

I  will  take  away  tbe  plates,  and  hang  a  chain  on  tbe  coa-^ 
ductor,  the  end  of  which  shall  lie  in  several  folds  in  a  glr 
tumbler:  if  I  turn  the  machine,  the  electric  fluid  will  t 
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throngli  Uie  dudn^  ai)d  will  electrify  tbe  mnde  of  tliB 
This  being  doue^  I  will  then  tarn  it  qnicklj  over  aigkt  or  tm. 
fmall  pith  boUfl,  which  lie  on  the  table. 

C3l  That  is  avery  emneing  eight,  Hawihej  jutap  tinM 
They  serve  to  cerrj  the  el^tiicitj  firom  the  g^bas  to  As 
table. 

Fa.  If,  instead  of  the  lower  metid  plate^  I  hold  in  mj  Imd 
a  pane  of  dry  and  dean  glass,  by  the  comer,  the  paper  IRganB, 
or  pith  ballsy  will  not  move,  becanse^  glass  being  m  non-eoa- 
docting  sabstanoe,  it  has  no  power  of  canying  sway  the 
superabundant  electrid^  firom  the  |date  suspended  Iran  the 
conductor.  But,  if  I  hold  the  glass  flat  in  my  hand,  ths 
figures  will  be  attracted  and  repelled:  which  shows  that  the 
electric  fluid  will  pass  through  thin  glass.  I  will  here  gi^ 
you  a  list  of  a  few  substances  which  take  Titreoiia  electricity 
ifrubbed  with  the  body  immediately  fdlowing  it»  but 
electridty  if  rubbed  with  the  one  immediatdy  preceding. 


The  back  of  a  cat 

Wood 

Smooth  glass. 

Paper. 

Woollen  cloth, 

Kilk. 

Feathers. 

Now  take  down  on  paper  the  following  results,  and  com- 
mit them  to  memory. 

1.  If  two  insulated  pith  balls  be  brought  near  the  con- 
ductor, they  will  repel  each  other. 

2.  If  an  insulated  conductor  be  connected  with  the  cnshioo^ 
and  two  insulated  pith  balls  be  electrified  by  it>  they  will 
repd  each  other. 

3.  If  one  insulated  ball  be  dectnfied  by  the  prime  con- 
ductor,  and  another  by  the  conductor  connected  with  the 
cushion,  they  will  attract  each  other. 

4.  If  one  ball  be  electrified  by  glass,  and  another  by  wai^ 
they  will  attract  each  other. 

5.  If  one  ball  be  electrified  by  a  smooth,  and  another  by  a 
rough  excited  glass  tube,  they  will  attract  <me  another. 

QUESTIONS  FOR  EXAMmATION. 


Blxplahi  the  nature  of  vitreons  and 

desliKNU  electridtj,  and  why  they  are 

iocaUed.-.Hiiiiraratb«twoUnds  of 

dactiidty  explained  ?  —Can  the  course 


of  the  electrio  spark  betneed? — laE 
the  more  natural  theory  thai  then 
should  be  one  or  two  eleotrie  flvfclif — 
On  the  supposition  of  cme  fluid  oidf. 


If  (iltta  b^  b 
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cu  the  fiwU  tw  IceoBBICd  Rv?  —  D-  i  rimat  of  Ute  duetnf  tgana  nplilBp 

hrtrUe  thiiwitfa  IbcpitbUlU.— How  I  ed?— Whmt  will  hmppep  if  two  Ido- 
ll  inr  Mpcriment  oT  the  tall  of  fta-  I  laud  frith  taUt  be  brougbt  nru  the 
thtnexplmlned?  — Hovia  tbclulraa  elHtHflo)  gondnolar  of  a  Bachioe?-- 
tbeheadkAteudlirelcetricily?— V'hit  In  what  caae  will  plih  baib  npd  tach 
particular  HOHlioa  dOM  an  cldTthSHl  other  ?— Id  what  eaK9  will  tbcrt  b« 
fnrnmtnmOf  leiif — What  i>  the  ge-     an  attraction  bHwn  — 

MralnlaoB  lUi  ntden?  — How  do  will  be  the  mult  11 
jnm  itiow  that,  whan  ■  body  ha*  tt-  electrified  witb  wax 
eelTHl  a>  naeh  eletnkllT  aa  it  can  con-  LrlaH?  — Will  the  n 
tain,  it  will  be  repelled  b;  anotber  if  the  belli  be  etec 
etectiiflcd  bodj  I —  How  ii  the  upe-  I  nniwlh  and  aoother 
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Father.  I  will  show  you  ftnotber  instance  or  two  of  the 
effects  of  electrical  ttttraction  and  repulsion. 

This  apparatus  consists  of  three  bells 
saspended  from  a  brass  wire;  the  two 
outer  ones  by  small  brass  chains ;  the 
middle  bell,  and  the  tiro  clspi>ers,  xx,  '^ 
are  suxpended  on  silk.  From  the  middle  a 
bell  there  is  a  chain,  n,  which  goes  t 
the  table,  or  any  other  conducting  sub-  ■ 
atonce.     The  bells  are  now  to  be  hnng 
by  c  on  the  conductor,  and  the  electrical  ^-  *■ 

machine  to  be  pnt  in  motion. 

Ja.  The  clappers  go  from  bell  to  bell,  and  make  very  pretty 
mnsic:  liow  do  you  explain  that? 

Fa,  The  electric  fluid  rons  down  the  chains  a  and  It  to  the 
bells,  A  b:  these,  having  more  than  their  natural  quantity, 
attract  the  clappers,  i  x,  which  take  a  portion  from  a  and  a, 
and  carry  it  to  the  centre  bell,  n  ;  and  this,  by  means  of  the 
chain,  conveys  it  to  the  earth. 

Ch.  Would  not  the  same  effect  be  produced  if  the  clappers 
were  not  suspended  by  ulk  ? 

Fa.  Certainly  not:  nor  will  it  be  produced  if  the  chain  be 
taken  away  from  the  bell  w,  because  tlien  there  is  no  way  left 
to  carry  off  the  electric  fluid  to  the  earth. 

Another  amnsing  experiment  is  thus  shown: — Let  there  be 
two  wires  placed  ciaclly  one  above  another,  and  parallel:  the 
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vppcr  one  mtifet  be  euspended  from  the 
b  to  oommniiicate  with  the  Ublo:  a  liglit 
twaen  thoei  viU,  when  the  conductor  is 
Uke  »  rope-dancer. 

Thia  piece  of  leaf  brass  is  called  the  eftdriejitk^ 
b  •nrt  of  obtuse  angle;  the  other  ia  acute.  Ifthe 
be  pnaentod  towards  an  electrified  condactor,  it  w 
to  1^  and,  from  its  wavering  motion,  appear  to  be  aj 

indg  property  of  attraction  and  repulsion  has  led  »tiil 
inventions  of  miuiy  instruments  called  dectromelers. 

Ja.  Is  not  all  electrometera  machine  to  ineaaDrethesbagA 
flf  the  electricity? 

Fa.  Tea;  and  thia  ia  one  of  the  most  simpte; 
and  it  depends  entirely  upon  the  repulaion  wl^cli 
takes  place  between  two  bodies  in  a  state  of  elec- 
trificaticHi.  It  coDsiata  of  a  alender  rod,  termi- 
nated by  a  pitti  bull  hanging  parallel  to  the  stem, 
bot  turning  on  the  centre  of  a  wooden  or  iron 
semicircle,  bo  as  to  keep  close  to  its  gradnated 
limb.  Thia  ia  fitted  to  a  hole  in  the  conductor, 
uid  the  more  the  conductor  ia  electrified,  the  far- 
ther will  the  ball  fly  fi-om  the  stem;  and  the 
namber  of  degiifca  deserihed  by  the  index  conveys  soineita 
of  the  quantity  of  electricity. 

Ck.  Ifthe  circular  part  be  marked  with  degrees,  yon  n^ 
asccrtiun,  I  suppose,  pretty  accurately,  the  strength  of  laj 
given  charge? 

Fa,  Yes,  you  may;  but  you  see  how  fast  the  air  cuno 
away  the  electricity;  it  scarcely  remaina  a  singto  momentDi 
the  place  to  which  it  was  repelled.  Two  pith  balls  may  i> 
•nspended  parallel  to  one  another,  on  silken  threadn,  and  ip- 
plied  to  any  ptirt  of  an  electrical  machine;  and  they  will,  bj 
their  repulsion,  serve  for  an  electrometer:  for  they  will  r^ 
each  other  in  proportion  to  the  power  given  to  the  machine. 

Ja,  Has  thia  any  advantage  over  the  other? 

Fa.  It  serves  to  show  whether  the  eleetricity  be  ne^tin 
or  poMtive:  for  if  it  be  positive,  the  threads  wiU  fall  blether 
•gain,  if  you  apply  an  excited  stick  of  sealing-wax ;  but  if  b 
be  negative,  excited  sealing-wax,  or  resin,  or  aolphnr,  « 
«ven  a  rod  of  glass,  the  polish  of  which  ia  taken  off  will 
make  them  recede  ^iher. 
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There  is  ajiother  kind  of  electrical  machine,  coUed  the 
Flute  Miichine,  inrenied  by  Dr.  Fryenbourg,  and  wlJcli  haa 
Bubsequently  been  much  improved,  especially  by  CuthberUon. 
It  coDsists  of  a  circular  plate  of  gloss,  revolving  in  a  vertical 
position,  on  an  axis  passing  horizontally  and  at  right  angles 
through  its  centre:  it  is  rubbed  by  two  pairs  of  cushions,  one 
above  and  one  below,  attached  to  the  IVame,  and  so  regulated 
OS  to  employ  an  elastic  pressore  on  the  circumference  of  the 
plate,  which  each  pair  embraces  with  the  necessary  force;  a 
brass  conductor,  with  branching  extremities,  is  attached  at 
right  angles  to  the  pairs  of  cushions,  and  is  supported  by 
a  glass  stem;  while  pointed  wires  are  affixed  to  the  extre- 
mities of  the  branches,  to  collect  the  electricity  &'om  the 
plate.  This  machine,  however,  is  more  expensive  than  the 
other,  and  more  liable  to  accidents. 

We  have  now,  perhaps,  said  enough  respecting  electrical 
attraction  and  repulsion,  at  least  for  t£e  present:  1  wish  you, 
however,  to  commit  the  following  results  to  your  memory: — 

I.  Bodies  electrified  positively  repel  each  other. 

II.  Bodies  electrified  negatively  repet  each  other. 

Ch.  Do  you  mean,  that  if  two  bodies  have  either  more  or 
less  of  the  electric  fluid  than  their  natural  share,  they  will 
repel  each  other  if  brought  sufficiently  near? 

Fa.  Exactly  so. 

ni.  Bodies  electrified  by  contrary  powers — that  is,  two 
bodies,  one  havii^  more,  and  the  other  less  than  its  natural 
ghore — attract  each  other  very  strongly, 

IV.  Bodies  that  are  electrified  attract  light  substances 
which  are  not  electrified. 

These  are  facts  which,  I  hope,  I  have  made  sufficiently 
evident  to  you.  To-morrow  we  will  describe  what  is  usually 
called  the  "  Leyden  Phial." 


(jin';sTioNa  for  examination. 
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Wither.  I  will  lake  anaj-  the  wires  and  the  ball  from  tlM 
vendnctor,  and  then  remarethe  latter  an  inch  or  two  further 
firoH  the  cj'linder.  If  the  machine  acts  strongly,  bring  u 
JMnbli  il  pith  ball  (that  is,  one  hanging  on  silk)  to  the  ewJ 
vi  the  conduetor  nearest  to  the  glnss  c/linder. 

01.  It  is,  I  perceive,  immediately  attracted. 

A.  Cany  it  to  the  other  end  of  the  conductor,  and  kc 
KlMt  happens. 

Ck,  It  13  attracted  again,  bnt  I  thought  it  would  have  been 


Fa.  Then,  aa  the  ball  was  electrified  before,  and  is  still 
aUracttd,  you  are  sure  that  the  electricity  of  the  two  ends  of 
tfie  conductor  is  differently  named;  that  ia,  one  is  plus,  and 
the  other  minw. 

Ja.  Which  is  the  positive,  and  which  the  negative  end? 

Fa.  That  end  of  the  conductor  which  is  nearest  to  the 
cylinder  becomes  possessed  of  an  electricity  different  from  that 
oiF  the  cylinder  itself. 

Ja.  Do  you  mean,  that  if  the  cylinder  is  positively  eler- 
trified,  the  end  of  the  conductor  next  to  it  is  n^utivdy 
electrified? 

Fa.  I  do:  and  this  yon  may  see  by  holding  an  inanlated 
jHth  ball  between  them. 

Ck.  Tes:  it  is  now  very  evident;  for  the  ball  fetclins  and 
carrieSi  as  we  have  seen  it  before. 

Fa.  What  you  have  seen  with  regard  to  the  Ooodnctcr  is 
eqnally  tme  with  respect  to  non-coodocting  bodies.  Here  if 
a  common  glass  tumbler,  if  I  throw  into  it  a  greater  pOTtiM 
of  electricity  than  it  naturally  possesses,  and  hold  it  in  taj 
band,  or  place  it  on  any  conducting  substance,  aa  the  tables  * 
part  of  the  electric  fluid,  that  natiiraUy  belongs  to  tbe  out^de, 
will  make  its  escape  throogh  my  body. 

C&.  Let  me  try  it 

Fa.  But  yon  must  be  careful  not  to  break  the  gUus. 

C%.  I  wiU  hang  the  chun  on  the  conductor,  and  let  A* 
other  end  lie  on  the  bottom  of  the  glass;  and  Jantes  will  ton 
the  machine. 
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Pa,  You  must  also  take  citre  tliat  the  chain  does  not  touch 
the  edge  of  the  glasei  because  thereby  the  electric  fluid  would 
run  from  one  side  of  it  to  the  other,  and  spoil  the  experiment. 

Ja.  If  I  have  turned  the  machine  enough,  take  the  chain 
oat,  and  tiy  the  two  sides  with  the  insulated  pith  ball. 

Ch.  Wlutt  is  this?  Something  baa  pierced  through  mj 
arms  and  shoulders. 

Fa.  That  is  a  trifling  electrical  shock,  which  you  might 
have  avoided,  if  you  had  waited  for  my  directions. 

Ch.  Indeed  it  was  not  trifling:  I  feel  it  now. 

Fa.  This  leads  us  to  the  Leyden  Phial,  or  Jar,  so  called, 
because  the  discovery  was  first  made  at  Leyden,  in.  Uolliuid, 
and  by  means  of  a  phial  or  small  bottle. 

Ja.  Was  it  found  out  in  the  same  manner  as  Charles  has 
just  discovered  il'r 

Fa.  Nearly  so:  Cuneus,  a  Dutch  philosopher,  was  holding 
a  glass  phial  in  his  hand,  about  half  filled  with  water;  but  the 
Bides  above  the  water,  and  the  oulside  was  quite  dry;  a  wire 
also  hung  from  the  conductor  of  an  dectri<^  machine  into 
the  water. 

Ja.  Did  that  answer  to  the  chain? 

Fa.  Yes;  and,  like  Charles,  he  was  going  to  disengage  the 
wire  with  one  hand,  aa  he  held  the  bottle  in  the  other,  and 
was  surprised  and  alarmed  by  a  sudden  shock  in  his  arms,  and 
through  hill  breast,  which  he  had  not  the  leaet  expected. 

Ch.  \  do  not  think  there  waa  anything  to  be  alarmed  at 

Fa.  The  shock  which  he  felt  was  probably  something 
severer  than  that  which  you  have  Just  eicperienccd:  but  the 
terror  was  evidently  increased  by  coming  so  complelely  un- 
expected. 

When  Muschenbroeck  first  felt  the  shock,  which  resulted 
from  a  thin  glass  bowl,  and  very  shght,  he  wrote  to 
Beaumur,  that  he  felt  himself  struijc  in  his  arms,  shoulders, 
and  brcaet,  so  violently,  that  he  lost  his  breath,  and  was  two 
whole  days  before  he  recovered  from  the  eflects  of  the  blow. 
Cli.  Perhaps  he  meant  the  fright? 

Fa.  Terror  scema  to  have  been  the  effect  of  the  shock;  for 
he  adds,  "  I  would  not  take  a  second  shock  for  the  whole 
kingdom  of  France." 

Kinkier,  an  experimental  philosopher  at  Leipsic,  describes 
the  shock  as  having  given  him  convulsions,  and  a  heaviness 


Ib  bia  bMd,  tiieh  u  be  should  (wl  if  a  large  fitone  were  « 
it;  mi  he  hid  reuon  to  dn»d  a  fevHr,  to  prevent  which  it 
put  hinuelf  od  e  coune  of  ooAlitig  medidnca.  "  Twice,"  ajf 
he,  "it  gave  me  •  bleeding  it  the  nose,  to  which  I  aina:< 
Bulgect,  knd  my  wife,  whoee  curiosity  surpasaeil  ficr  tern- 
receired  the  ahock  twice^  and  found  heraelf  so  weak,  itu 
aba  oould  scarcely  walk:  nevertheless,  in  the  course  ofi  fc 
daja  ahe  roceiTed  another  shock,  which  caused  a  bleeding  K 
thenoBe." 

Ja.  Is  thia  called  the  Leyden  Fbial? 

fa.  It  is.  They  are  now  made  in  thia  num- 
nw.  B  A  is  a  thin  glass  jar,  covered  both  Intfde 
and  ont  with  tin-fral  about  three  parta  of  the 
way  up,  as  far  as  X. 

CA.  Does  the  oatsida  coreiing  answer  to  (he 
hand,  and  the  innde  covering  to  the  water? 

^a.  Yes:  the  piece  of  wood  z  is  placed  on  the  ■)»  i, 

top,  merely  to  support  the  brass  wire  and  knob  v, 
to  the  bottom  of  which  hangs  a  chain  that  rests  on  the  boltoa 
of  the  jar.     I  will  now  set  the  jar  in  such  a  aituatioa  tliat  it 
shall  be  within  two  or  three  inches  of  the  prime  coodoctv 
while  I  work  the  machine. 

Ja.  The  sparks  fly  rapidly  from  the  condnctor  to  &e  knob. 

Fa.  By  that  means  the  inside  of  the  jar  becomu  charged 
with  a  superabundant  quantity  of  electricity:  a&d,  as  it  fammt 
contain  thia  without,  at  the  same  time,  driving  away  an  eqal 
quantity  from  the  outside,  the  inside  is  positively  electrified 
and  the  outside  negatively  electrified.  To  restore  the  eqm- 
librium,  I  must  m^e  a  communication  between  the  outside 
and  inside  with  some  condvcting  substance;  that  is,  I  mast 
make  the  same  substance  touch,  at  the  same  tim^  the  ootsids 
tin-foil,  and  that  which  is  within,  or,  which  is  the  same  tMng, 
another  substance  that  does  touch  it. 

ex.  The  brass  wire  touches  the  inside:  if  I,  therefore,  wift 
one  hand  touch  the  knob,  and  with  the  other  the  ontBde 
covering,  will  it  be  sufficient? 

Fa.  It  will:  but  I  had  rather  you  would  not,  because  o^ 
the  shock  will  be  more  powerful  than  I  should  wish  "5 
either  myself  or  you  to  experience.  Here  is  a  brass  I* 
wire  with  two  tittle  balls  or  knobs,  bt,io  iL    I  will  ^^ 


LETDEN    PniAL.  509 

now  bring  one  of  them,  »,  to  lie  outside,  and  the  other,  6,  tc 
the  ball,  r,  on  the  wire. 

Ja.  What  a  brilliant  spark,  aail  chat  a  loud  noise! 

Fa.  The  electric  fluid  thai  occasiona  the  light  and  the  noise 
ran  from  the  inside  of  the  jar  alcng  the  wire  to  i,  and  spread 
il«elf  over  the  outside. 

Ch.  Would  it  have  gone  through  my  arms  if  I  had  put  one 
hand  to  the  outside,  and  touched  the  wire  communicating  with 
the  inside  with  the  other? 

Fa.   It  would;  and  you  may  believe   'bat   the  shock  would 
have  been  in  proportion  to  the  qitandtj  of  the  fluid       ^ 
collected.     The  instmmenl  I  used  may  be  called  a       y^ 
discharging  rod:  but  here  is  a  more  convenient  one:       EL 
the  handle,  D,  is  solid  glass,  fastened  into  a  brass    /'^  \l 
socket,  and  the  brass  work  is  the  same  as  fig.  7,  J     b\ 
except  that,  by  turning  on  a  joint,  the  arms  may  be  s         a 
opened  to  any  extent.  "B-  '■ 

Ja.  Why  is  tbe  handle  made  of  glass? 

Fa.  Because  glass  being  s  non-conductor,  the  electric  fluid 
p&sscs  through  the  brass  work,  without  aflecling  the  hand; 
whereas,  with  the  other,  a  small  sensation  was  perceiTcd 
while  I  discharged  the  jar. 

Ch.  Would  the  jar  never  discliarge  itself  ? 

Fa.  Yesr  by  ejtposure  to  the  air  for  some  time,  the  charge 
of  the  jar  will  he  silently  and  gradually  dissipated;  for  the 
supembundant  electric  fluid  of  the  inside  will  escape,  by  means 
of  the  air,  to  the  outside  of  the  jar.  Electriuans.  however, 
malce  it  a  rule  never  to  leave  a  jar  in  its  charged  state. 


QCESTI0S8  rOE  EIASOSATIOS. 


Hnr  It  K  tamni  tmt  Ebc  cBdi  of  an 
dtetiiAed  ooodnetiir  puwm  tbc  pin 
*ih1  mlniu  elMliScilr  r  — 1>  it  kaovn 
vhldi  lipo^UrprnDd  vUehargMlTC? 
—  BoppOK  lert tkcBrtdty  Uimd  Umvm- 
tnrml  dim  ii  Uinnrn  Into  Ibc  iBiide  at 
■  Elo"  Inmtilcr.  Id  irtut  lUIe  witl  tli* 
DiUidc  be ?— When ud bowwu  tbB 
Lcydtn  pliiiil  dianrrend  ?  —  How  dw* 
KBMhFbbnjFck  de'crilw  the  elccirtcal 
■buck  ?  —  How  li  it  dncrilicd  bf  Kiok- 


I  In?  — How  It  the  I-fTdto  pidil  ens. 

pluircd  ?  —  Ucnr  it  Uw  t^nitiliTiiini  re- 
Rond?— yor  wliU  la  ihc  muclilBe, 
npRwalfd  Vj  tf.  I,  Ditd  ?  —  Bam 
vould  Uw  ibock  be  (Otuccfed  Uuongb 
Ihe  bodf? — What  dofou  ueiui  bj  ■ 
dlarhu^lDF  rod  ? — Wlif  hiTe  dUehv;- 
ing  tndi  glu*  huidlB.' — Wonld  ■■ 
elntrUed  bodf  tja  diKhargt  UieU? 
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CONYEBSADOBr 

or  THB  LXTDEH  JAR:    LAKl^  DHOHAmOISO 

▲HD  THB  BLBCTBIOAL  BJLTnOnr 

CSIorlet.  Id  diflcharging  Hie  jmt  ye»tegdy,  I  otwnwB^ai 
when  one  of  the  discharging  rods  topdied  lAe  ontridfe  of  Ai 
jar,  the  flash  and  r^Mrt  took  fUmob  bebire  Ate  otfaer  cvIcmm 
in  oontact  with  the  brass  wire  thaH  nnmmuBJiiatijB  wllk  Ai 
inside  coating. 

Fa.  Yes;  it  acts  in  the  same  manner  aa  wlwo  ymildit 
spark  from  the  conductor.  Ton  do  nol^  for  Aaft  pai|Mb 
bring  jour  knuckle  dose  to  the  tin. 

Ja»  Sometimes,  when  the  machine  acts  rerj  powerM^ 
70U  may  get  the  spark  at  the  distance  of  several  incheai 

Fa,  By  the  same  principle,  tlie  higher  an  electrical  ^ 
Lejden  jar  is  charged,  the  more  easily,  or  at  a  greater  distanee^ 
it  is  discharged. 

Ch.  From  your  experiments  it  does  not  seem  that  it  wH 
discharge  at  so  great  a  distance  as  that  in  which  a  spark  mij 
be  taken  from  the  conductor. 

Fa,  Very  frequently  ajar  will  discharge  itself^  after  it  bii 
accumulated  as  much  of  the  electrical  fluid  as  it  can  contiiii 
that  is,  the  fluid  which  is  thrown  on  the  inside  coating  will 
make  its  way  over  the  glass,  though  a  non-condactor,  to  ths 
outside  coating. 

Ja,  In  a  Ley  den  jar,  afler  the  first  discharge,  3rou  alwaj% 
I  perceive,  take  another  and  smaller  one. 

Fa,  The  tin-foil  on  the  jar  not  being  a  perfect  oondoctoi^ 
the  whole  quantity  of  fluid  will  not  pass  at  first  from  tke 
inside  to  the  out:  what  remains  is  called  the  retiduaiy  ckmf^ 
and  this,  in  a  large  jar,  would  still  give  a  considerable  shodB 
therefore,  in  discharging  an  electrical  jar,  it  is  always  advisakli 
to  take  away  the  residuum  before  you  venture  to  remoTe  the 
i^paratus.  I  will  now  describe  an  Electrometer,  wUck 
<topends,  for  its  action,  on  the  principles  we  have  been  da* 
scribing. 


lasb's  blecthometer.  6ILn 

Ch.  Do  you  mean  (hat  it  d^penils  upon  the  discharging  of 
the  jar  before  the  outside  and  inside  coating  are  actually 
brought  into  contact? 

Fa.  I  do.  The  arm  n  a  made  of  glass,  ~~~r\ 
and  proceeds  from  a  SKwket  on  the  wire  of  "Mj/ji 
the  electrical  jar  v.  To  the  top  of  the  glass 
arm  is  cemented  another  brass  socket  K, 
through  which  a  wire,  with  balls,  b  and  c^ 
at  each  end,  will  slide  backwards  and  fnr' 
wards. 

Ja.  So  that  it  may  be  brought  to  anj 

stance  from  the  ball  a,  which  b  on  the  wire  connected  with  J 

e  inside  of  the  jar? 

Fa.  Tea.  When  the  jar  p  is  set  in  contact,  or  very  n« 
the  conductor,  as  represented  in  the  figure,  and  the  ball  fl 
set  at  the  distance  of  the  eighth  of  an  inch  from  the  ball  a,  let 
a  wire,  c  s,  be  fixed  between  the  ball  c  and  the  ooL^idu  coating 
of  the  jar.  Then,  as  soon  as  the  machine  is  worked,  the  jir 
cannot  be  charged  beyond  a  certain  point;  for  when  the  cliaT;ge 
is  strong  enough  to  pass  from  a  to  the  ball  n,  the  discbarge 
will  take  place,  and  the  electric  fluid  collected  in  the  inade 
will  pass  through  the  wire  c  K  to  the  outside  coating. 

Ch.  If  you  remoTe  the  balls  to  a  grexter  distance  from  eoe 
another,  will  a  stronger  charge  be  required  before  (he  flnid 
can  pass  from  the  inside  of  the  jar  to  the  ball  B  of  the  cleo- 
trometer? 

Fa.  Certainly:  and  therefore  the  discharge  will  be  macfa 
stronger.  This  machine  is  called  Lane's  Diacharging  Elec- 
trometer, from  the  name  of  the  person  who  invented  it,  and 
the  power  of  the  machine  may  be  ascertained  frvm  the  number 
of  explosions  which  at  any  given  distance  take  place  in  equal 
times.  It  is  very  useful  in  applying  the  electric  shock  to 
medical  purposes,  as  we  shall  see  hereafter. 

If  we  were  to  combine  togetlier  several  jars,  we  could 
obtain  a  vn-y  great  quantity  of  electricity,  but  in  (his  case 
the  interior  coatings  of  the  jars  must  commnnicate  hy  means 
of  metallic  rods,  aiid  so  likewise  the  exterior  coatings.  This 
combined  set  of  jars  may  be  charged  as  if  but  one  jar,  and. 
tbey  would  have  estraonlinarjt  power;  and  this  is  what  is 
called  an  EUetrieal  Battery. 


ilfl 

nd>  hm  tontains  nine  jura,  or  Jjey^en 
pbiMb;  the  'wires  which  proceed  from  the 
innde  at  esch  three  of  these  ju-B  rue 
aavmd  or  fastened  to  a  common  hori- 
xontal  wire  r,  which  has  &  knob  at  each 
tXtnautj,  wad  hj  means  of  the  wires 
F  r,  the  iiuide  coalings  of  3  or  6,  or  the 
whole  9  may  be  connected.  r^.  lo. 

Ja,  la  it  a  common  box  in  which  the  jars  are  placed? 

■Fa.  "Ru  inMde  of  the  box  is  lined  with  tin-foif:  emae 
▼eiy  thin  tin  pktes  are  nsed,  for  the  purpooe 
mum  eflfoetuallf  the  outside  coatings  of  all  the  jars. 

Ck.  For  what  purpose  is  the  hook  on  one  side  of  the  bai! 

PtL  To  this  hook  is  fastened  a  strong  wire,  which  coow 
nicttaa  with  the  inside  lining  of  the  box,  and,  of  ooars^  wift 
the  outside  coadng  of  the  jars.  You  see  alio  that  a  win  i< 
fiutened  to  the  hook,  which  connects  it  with  one  branch  li 
the  discharg^ig  rod. 

Jd.  Is  there  any  particular  art  to  be  used  in  chaigiiv  > 
battery. 

fa.  No:  the  best  way  b,  to  bring  a  chain,  or  piece  of  wiit 
Irom  the  conductor  to  one  of  the  balls  on  the  rods  that  rd 
upon  the  jars:  and  then  set  the  machine  to  work.  The  eke- 
trie  fluid  passes  from  the  conductor  to  the  iiuide  of  all  tb 
jars,  till  it  is  chained  sufficiently  high  for  the  purpose.  Gral 
caution,  however,  must  bo  used  when  you  come  to  make  ex- 
periments with  a  battery,  to  prevent  accident  either  toyoiustf 
or  to  the  spectators. 

C^  Would  a  shock  from  this  be  attended  wdth  any  brf 
consequences? 

Fa.  Tes:  very  serious  accidents  may  happen  from  tk 
electricity  accumulated  in  a  large  battery,  and  even  with  a  bM- 
tery  such  as  b  represented  in  the  plate,  which  is  one  of  tJa 
smallest  in  use.  A  shock  may  be  given,  which,  if  pasrJ 
through  the  head,  or  any  other  vital  part  of  the  body,  may  be 
attended  with  very  mischievous  effects. 

Ja.  How  do  yon  know  when  the  battety  is  |>nqivlj 
charged? 

jFfl.  ThB  qnadrant  electrometer  (fig.  5.)  is  the  best  guide: 
and  this  may  be  fixed  either  on  the  conductor  or  upon  <■»  of 
the  rods  of  tha  battery.    But  if  it  be  fixed  on  the  batlcar,  A> 
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istem  of  it  should  be  of  a  good  length;  not  lees  than  12  or  15 
inches. 
Ch.  How  high  will  the  index  stand  when  the  battery  ia 
charged? 
_^        Fa.  It  will  seldom  rise  so  high  as  90°,  because  a  machine, 
*     Tindei'  the  most  favourable  circumatunces,  cannot  charge  a 
■3  Lattery  so  high,  in  proportion,  as  a.  single  jar.     You  may 
**    reckon  that  a  battery  is  well  charged  when  the  index  risea  b> 
»  high  as  60°,  or  between  that  and  70°. 
-•       Ja.  Is  there  no  danger  of  breaking  the  jars  when  the 

'  battery  is  very  highly  charged? 
=  Fa.  Yes,  there  is:  andif  one  jarbecracked.itisimpossible 
■*t  to  charge  the  others  till  the  broken  one  be  removed.  To 
c  prevent  accidents,  it  is  recommended  not  to  discharge  R 
-  linttery  through  a  good  conductor,  unless  the  circuit  be  at 
lea.'st  li?e  feet  long. 

Ch.  Do  you  mean  that  the  wire  should  be  of  that  length? 
Fa.  Yes,  if  you  pass  the  charge  tlirough  that:  but  you  may 
i-.irry  it  through  any  conductor. 

Before  a  battery  is  used,  the  uncoated  part  of  the  jars  must 

hi!  niude  perfectly  clean  and  dry,  as  the  smallest  particles  of 

dust  will  carry  off  the  electric    fluid.     After  n  discharge, 

~    never  fail  to  connect  the  wire  from  the  hook  with  the  ball. 

■     to  prevent  any  residuum. 

QDE9TI0SS  FOB  EXAMINATION 


trtlh  din^vnnis  »ffectt  f—  For  mhtx  la 

■l,luuin?^Eipliiin  th.  B.tBrs 

Qf  thBBl«lr^mcl«■.flB-ln.— 

Wttn  do  you  know  tiM.  tlie  b.tterr 

^™t«i  it.  ud  ftr  whiit  por- 

i!  properly  ohirgcd  ?  —  In  what  oua 

a  ntuallT  uppUsI?  —  Bxptiin 

ilrnction  of  u  clHtricftl  bil- 

iccldenti  pnvenlcd?— WliU  pnuu- 

HowliLich^KBl?  — M.j-not 

ttom  mo  11KDSU17  In  uring  ttic  bat- 

Jgc of  ■  iMttcrr  bo  atMndgd 

ter  j? 

CONVERSATION  IX. 

EXPERIMENTS   MADE   WITH   THE    ELECTRICAL   BATTEHT. 

Father.  I  will  now  show  you  some  experiments  with  this 
largp  battery.  To  perform  these  with  perfect  safety,  you 
must  atnnd  some  distance  from  it,  which  will  preserve  you 
from  accidents. 


3U 
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'  BLpaiiBuut  L — T  wUl  take  tkis  quire  otyniHag  jitfa,mi 
pbidl)  it  iigiiinst  till?  book  <>t  win?  proceediDg  from  t)i<  te 
mA  wfeCTi  ^e  batterj  m  clisr^,  1  'vHU  pvt  one  bd  cf  ll» 
diaolivging  rod  to  il  knob  nf  one  of  llie  wires,  r,  luid  Ir 
«lkv  kacib  to  that  p&rt  of  die  paper  wliicb  etands  agw 
wfaa  ««nDected  wit})  the  box.  Tdd  see  wbat  h  hofe  it  la 
MBd«4vougli  every  sheet  of  the  p^>er.  SmeU  the  fi^ 
Vhvo  tke  perf(>ratioD  is. 

Ck.  It  smeUs  like  sulphur 

A.  Or  more  like  phosphorus.  Did  yau  observe  in  ii 
txpmmxnt,  that  the  electric  fluid  parsed  from  tbeiniiditti 
}an^  through  the  conducting  rod  and  paper,  to  the  imliiJi' 

Jo,  Xea;  whj' did  it  not  pass  through  the  p^ic,  vl 
pMni  the  bra«s  discharging  rod,  without  making  a  hJti 

Fa.  Paper  is  a  non-ctuidiictor,  but  brass  is  a  ^«nirim** 
Hmngh  the  tatter  it  passes  without  any  r«dstaacej  lotk 
itoee^Mvour  to  get  to  the  inside  of  the  bos,  it  burst  the  pft 
M  ytm  me.  Tbe  svne  thing  would  have  happ^oed  if  (ta> 
had  been  twice  or  thrii;e  as  mudi  paper.  The  electric  H 
of  a  singlp  jar  will  pierce  through  very  many  sheets  of  fi^ 

^.  Would  it  affect  any  other  non-y!ond acting  biI 
IB  Ae  saine  manner? 

Fa,  Tes;  it  will  eren  break  a  thin  piece  of  glasa,  or  real 
or  sealing-wax,  if  it  be  interposed  between  tbe  diacbwrpf 
rod  and  tbe  outside  of  the  coating  of  the  battery. 

Ex,  H. — Now  put  a  piece  of  loaf  sugar  in  the  place  wbm 
tbe  quire  of  paper  was  just  now;  the  sugar  will  be  bndA 
and  in  the  dork  it  will  appear  beautifully  illuminated,  » 
naining  eo  for  vamy  seconds. 

Ex.  m  — Let  the  small  piece  of  wire  proceeding  from  di 
hole  in  tite  box  be  laid  on  one  ude  of  a  plate  coataiuing  mo* 
spirits  of  wine,  and,  on  the  opposite  side  of  the  plate,  ptai 
one  of  the  knobs  of  the  di&eharging  rod,  while  the  other  if 
carried  to  the  wires  connect<?d  with  the  inside  of  tbe  jars. 

CK.  TPill  the  electric  fluid  then  have  a  passage  tbr««^ 
thea^iit? 

Fa.  It  will  set  it  on  fire  instantly. 

Ex.  IT. — Take  two  slips  of  common  wiiidoOT-.gla8s,  aboiH 
fow  ineiws  long,  tit>d  one  inch  broad.  Put  a  layer  of  gM 
Inf  between  the  glasses,  Wving  a  small  part  of  it  ont  at  mc^ 
end.    Then  tie  the  glasses  togetlier,  or  preu  them  wkk  > 
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heavy  weight,  uid  aend  the  charge  uf  the  battery  through  it, 
by  connecting  oue  enl  of  the  glusa  with  the  outride  of  the 
jare,  and  bringing  the  discharging  rod  to  the  other  end,  and 
to  the  wires  <k  the  inside  of  the  battery. 

Ja.  Will  it  break  the  glass? 

Fa.  It  probably  will;  bulwhetiier  it  do  or  not,  the  gold  leaf 
willbeforced  into  the  pores  of  thegUas,ao  as  to  give  the  appear- 
ance of  f;l88BStuned  with  gold,  which  nothing  can  wash  away. 

Ei.  V. — If  the  gold  leal'  be  put  between  two  rMrds,  and  a 
strong  chaise  passed  through  it,  it  will  be  completely  fused 
or  melt«<l;  and  the  marks  oi'  it  will  appear  on  the  card. 

This  instromeut,  called  the  ^ 
Universal  Dischurger,  is  very 
nseful    for    passing    charges 


through  many  subHtances. 
are  glass  pillars  cemented  into 
the  frame  A.  To  eucii  of  the 
pillars  is  cemented  a  brass  cap, 
and  a  double  joint  for  horizontal  and  vertical  motions.  On 
the  top  of  each  joint  is  a  spring  tube,  which  holds  tiie  ahding 
wires  ex,  CI,  so  that  they  may  be  set  at  various  distances 
irom  each  other,  and  turned  in  any  direction:  the  eitremitics 
of  the  wires  are  pointed,  but  with  screws,  at  about  half  an 
inch  from  the  points,  to  receive  lialls.  The  table,  k  n,  inlaid 
with  a  piece  of  ivory,  is  made  to  move  up  and  do(vn  in  a 
eockei,  tuid  a  screw  fastens  it  to  any  required  height  The 
rings,  c  c,  are  very  convenient  fur  fixing  a  chain  or  wire  to 
them,  which  proceeds  from  the  conductor. 

Ch.  Do  you  lay  any  thing  on  the  ivory,  between  the  balls, 
when  you  want  to  send  the  charge  of  a  battery  through  it? 

fa.   Yes:  and  by  drawing  out  the  wires,  tlie  balls  may  be 
fieparated  to  any  distance  less  than  the  length  <A'  the  ivory. 
Thf;  little  (igure,  b,  represents  a  press,  which  miy         " 
be  substituted  in  the  place  oi'  the  table,  e  d:  it  con-  fw— -- — ') 
KEts  of  two  flat  piecesof  mahogany  whichmay  be        Tl 
brought  together  by  screws.  ^-  w- 

Ja.  Then,  instead  of  tying  the  slips  of  glass  together  in 
Experiment  IV.,  you  might  have  done  it  belter  by  making 
IK  of  the  press? 

fa.  1  might;  but  I  was  willing  to  show  yon  how  the  thing 
might  be  dune  if  no  such  appnratue  were  at  hand.     The  use 
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dFAe  tJile  and  prcM,  which,  in  fact,  nlwajs  go  fa^etbrr.-j 
fat  keeping  eteady  nil  descriptions  of  bodies  Uiroo^h  wiki 
the  ehug«  of  a  Bingle  jnr,  or  any  number  of  which  a  hamri 
oonasta,  is  t_i  t*  c-oQveyed.  We  will  now  proceed  with  ik 
esMiiments. 

Ex.  VL — I  will  taie  the  knnbs  from  the  wires  of  Ai 
Universal  Disclmrgcr,  nnd  having  laid  a  piece  of  rerc  df 
writing-iMpfrr  on  the  table  e,  I  will  place  the  points  of  i^ 
wirw  tt  an  inch  or  more  from  one  onotlier;  then,  br  na- 
necting  one  of  the  rings  c  witli  the  outside  wire  or  hook  li 
the  battery,  nnd  biinging  the  dischnrging  rod  from  the  oAs 
ling  c  to  one  of  the  knobs  of  the  battery,  you  will  ece  It* 
&e  paper  will  be  torn  to  (lioces, 

Ex.  Vll. — The  experiment,  which  I  am  now  goiii([  u 
nuk^  yon  must  never  attempt  by  yoarselvee.  I  first  put  i 
little  gnnpOTider  in  a  little  woodea  cup,  nnd  carry  the  spirl 
along  a  moist  thread  six  or  seven  inches  in  length,  «- 
tached  to  that  arm  of  the  universal  discharger  which  i»  con- 
nected with  the  negative  coat  of  the  jar  containiog  iln 
charge.  I  now  scud  the  charge  of  the  battery  through  it,  »«i 
the  gunpowder,  jou  see,  is  instantly  inflamed. 

Ex,  VIII. — Here  is  a  very  Blender  wire,  not  a  huodredd 
part  of  an  imh  in  diameter,  which  I  connect  with  the  wim 
of  the  discharger,  and  send  the  charge  of  a  battery  through 
which  will  completely  melt  it;  and  you  now  perceive  dH 
little  globule*  of  iron  instead  of  the  thin  wire. 

Ch.  Will  other  wires  besides  ii-on  be  melted  in  the 
manner? 

Fa.  Yes:  if  the  battery  be  lai^e  enough,  and  the  wir» 
Bufficiently  thin,  the  experiment  will  succeed  with  them  tS: 
even  with  a  single  jnr,  if  it  be  pretty  large,  very  sleaJor 
wire  may  be  ftt?eij.  But  the  charges  of  batteries  hove  b«B 
uaed  to  detennine  the  difl'erent  conducting  powers  of  the 
several  metnls. 

Ja.  If  the  charge  is  not  strong  enough  to  melt  the  wir^ 
will  it  make  it  red-hot? 

fa.  It  will:  and  when  the  experiment  is  properly  dow, 
the  course  of  lli.>  lluid  nmy  be  di-ivmed  by  its  c-ftecta;  iitf 
if  the  vrire  if  ^ibiml  iIitm.'  irn-tits  1.,iil.'.  ii  uill  W  s,-en  thai  tbt 
end  of  it,  which  is  connected  with  the  inside  ol'  the  battar  ^ 
red-hot  first,  and  the  rednesa  proceeds  towards  the  otita-. 
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Ch.  That  is  a  clear  proof  that  the  superabundant  electrici^ 
nccuraulated  in  the  inside  is  earned  to  the  outside  of  the  jars. 

Fa.  Ex.  IX. — We  shall  hereafter  discuss  the  subject  of 
^Iiignetisro:  but  by  discharging  the  battery  tiirough  a  small 
sewing  needle,  it  will  become  raagnetiu ;  tbat  is,  it'  the  needle 
be  ncuurately  suspended  on  a  small  piece  of  cork  in  a  basin 
of  water,  one  end  will,  of  itself,  point  to  the  north,  and  the 
other  to  the  south. 

Ex.  X. — I  will  lay  this  chain  on  a  sheet  of  writing -paper, 
and  send  the  charge  of  the  battery  through  tlie  chain;  and 
you  will  aim  black  marks  will  be  left  on  the  paper  in  those 
places  where  the  rings  of  the  chain  touch  each  other 

Kx.  XI. — Place  a  small  piece  of  very  dry  wood  between  the 
bulls  of  the  Universal  Discharger,  so  that  the  fibres  of  the 
wood  may  be  in  the  direction  of  the  wires,  and  pass  the  charge 
of  the  battery  tiirough  them;  the  wood  will  be  torn  in  pieces. 
The  points  of  the  wires  being  run  into  the  wood,  and  the 
shock  passed  through  them,  will  effect  the  same  thing. 

Ex.  XII. — Hera  is  a  glass  tube,  open  at  both  ends,  six 
inches  long,  and  a  quarter  of  an  inch  in  diameter.  These 
pieecs  of  cork,  with  wires  in  them,  exactly  fit  the  ends  of  the 
tabc.  I  will  now  put  in  one  cork,  and  fill  the  tube  with 
water,  and  then  put  in  the  other  cork,  and  push  the  wires  so 
tliat  they  nearly  touch,  and  pans  the  charge  of  the  battery 
through  them.  You  see  the  tube  is  broken,  and  the  water 
dispersed  in  every  direction." 

Ch.  If  water  be  a  go(Ki  conductor,  how  is  it  that  the 
charge  did  not  run  through  it,  without  breaking  the  tube? 

Fa.  The  electric  fluid,  like  common  fire,  converts  the  water 
into  a  highly  elastic  vapour,  which,  occupying  very  suddenly 
a  much  larger  space  than  the  water,  bursts  the  tube  before  it 
can  effect  its  escape. 

QUESTIONS   FOB  EXASirSATIOK. 

Explain  th*  experiment  of  plcrdnc  I  Ing  iDlnUnfu;— What  ii  LDewoMd 

holrfl  In  ii  quire  of  paper- — WtijrUnhQle    cxp^riiuent  raeiitkitu^? — How  it  apl- 

nMde  ihroufifa  (lie  pmpcr?  — Will  i-Jec-    rit  of  wltiE  Intluiion  —  ncincui  glut 

Irlcllf  leiu-orbrwikoOiertionH»nai«l-i  be  n»i  ncd -willi  gold  leaf  V  —  Cen  gold 

•  To  preveut  uMiJent,  ■  irfre  t»si^  sodi  m  li  ujod  In  certnln  exiwrlmenl*  oa 
tlie  air-pump.  Kbaiild  be  pat  orer  tbe  tube  befbrelhe  dltehirge  1>  rnxde.  Yomg 
peiKHu  ilunild  not  ultcn^it  tliii  experiment  bj  tlieiiuelTca. 
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gaqthtfa  tfteitnictttw  md  wet  of  tlw    that  Um 
ii^wiil  dMhaifv. —  Bf  wliatele»-    the  laMds  of  tiM 
tricBMBSMB  apieotof  paperbatom    tteoalMef— €ta 
iairfeoM^— CangonpoirderbelniMMd    fef  iImUIuHj  y — 
hr  tha  atoetrioflnld?  — How  to  win  I  aftliatwalftk 


CONVERSATION  X. 

Oy  THE  BLBCTBIO  SPARK,   AMD  MISCBLLAXBOVB 

Father.  Iwiflhjoatoobearreflomft&elBeoiiiiectedwitiiAi 
electric  spark.  By  means  <^  tlie  wire  inserted  in  tins  14 1 
fix  it  to  the  end  of  the  oondactor,  and  hring  either  another 
hrass  balL  or  my  knuckle  to  it,  and  if  the  maichine  net  pcettf 
powerfully,  a  long,  crooked,  brilliant  spark  will  pass  betweet 
the  two  balls,  or  between  the  knnckle  and  balL  Jf  the  eon- 
ductor  is  negative,  it  receiyes  the  spark  from  the  body;  but  if 
it  is  positive,  the  baU  or  the  knuckle  receives  the  spark  tnm 
the  conductor. 

Ck.  Does  the  size  of  the  spark  depend  at  all  on  the  siae  of 
the  conductor? 

Fa.  The  longest  and  most  vivid  sparks  are  obtained  finoa 
a  large  conductor,  provided  the  machine  acts  very  powerfuDfy 
or  from  between  two  conductors  of  a  rounded  form,  in  pro- 
portion as  they  are  both  portions  of  spheres  of  large  diameter. 
When  the  quantity  of  electricity  is  small,  the  spark  is  straight; 
but  when  it  is  strong,  and  capable  of  striking  at  a  greater 
distance,  it  passes  through  a  considerable  extent  of  air,  and  is 
of  very  great  length,  having  the  appearance  of  a  long  stt&k 
of  fire,  extending  from  the  conductor  to  the  ball,  distributed 
in  its  direction  to  various  points  of  the  surface  of  the  ball;  and 
oflen  assuming  what  is  called  a  zig-zag  direction. 

Ja.  If  the  electric  fluid  is  fire,  why  does  not  the  spaii, 
which  excites  a  painful  sensatiDn,  burn  me,  when  I  receive  it 
on  my  hand? 

Fa,  Ex.  L — I  have  shown  you  that  the  charge  from  t 
battery  will  make  iron  wire  red  hot,  and  set  fire  to  gunpowder. 
Now  stand  on  the  glass-legged  stool,  and  hold  the  chidu  from 
the  conductor  with  one  hand.  You,  Charles^  must  hold  this 
spoon,  which  contains  some  spirits  of  wine,  towards  your 
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,     brother,  trhile  I  torn  the  roachiDei  and  a  *park  taken  from 

Jlia  knuiikle,  if  sufficiently  lar^e,  will  set  ftre  to  tlie  spirit. 
'  Ch.  Ithaa.indeed!  Didjouprepftrethespiritibrthepurpoae? 

.  Fa.  1  merelj  made  the  silver  spoon  tolerably  wktid  before 

I  put  the  spirit  into  it. 

Ex.  IL — If  a  ball  of  box-wood  be  placed  on  the  conductor, 
fnat«ad  of  the  brass  ball,  a  spark  taken  from  it  will  beof  aine 
red  colour. 

Ex.  IlL — An  iTory  ball  placed  on  the  conductor  will 
asSQine  a  very  beautiful  and  Imniuoua  appearance  if  a  strong 
apark  be  taken  through  ita  centre. 

Ex.  IV. — Sparks  taken  over  a  piece  of  Bil»eired  leather 
appear  of  a  green  colour,  and  over  gilt  leather  of  a  red  colour. 

Ex.  V. — Here  is  a  gbw     /•-        _  ^_   y\ 

tube,  round  which,  at  small  *  ^J'^^^— "^-^^'^-"^— '^^^^^=-^^^^  ■ 
distances    &«m    each   other, 
pieces  of  tin-foil  are  pasted,  in  '■ 

a  spiral  form,  from  end  to  end:  this  tube  is  enclosed  in  a 
larger  one,  fitt^  with  brass  cnps  at  each  end,  which  are  con- 
nected with  the  tin-foil  of  the  inner  tube.  Now  shut  the 
window -shutters.  1  will  hold  one  end,  x,  in  mj  hiuid,  wbil« 
one  of  you  torn  the  machine,  and  I  will  apply  the  other  end, 
B,  to  the  conductor,  from  which  it  will  take  numerous  sparks. 
Ch.  This  is  a  very  beautiful  experiment. 
Fa.  The  beauty  of  it  consists  in  the  distance  rcmainmg 
between  the  piuces  of  tin-lbil;  and  were  you  to  increase  the 
number  of  these  distances,  the  brilliancy  would  be  very  much 
hfigbtened. 

Ex.  VI. — The  following  is  another  experiment  of  the  same 
kind.     Here  is  a  word,  with  wMeh  jou  are  a 
printed  on  glass  by  meniia 
of  tin-lbU  pasted  on  it,  and 
fixed  in  a  frame  of  baked  " 
wood.       I  will   bold   the  "*   "- 

frame  in  my  hnnd  at  h,  and  present  the  ball  G  to  tbe  con- 
ductor; and  at  every  coasiderabte  ^park  the  word  will  be 
beautifully  illuminated. 

Ex.  VII. — A  piece  of  sponge  filled  with  water,  and  hung 
to  a  conductor,  when  electrified  in  a  dark  room,  exhibits  also 
a  beautifiii  appearance, 

Ex.  VllL— This  botUe  b  now  charged.     If  I  bring  tba 
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bnu  knob  pnijecting  from  it  to  a  basin  of  water  irliich 
•alated,  it  will  uttntct  a  drop  of  the  liquid ;  and  this,  on  ^ 
removal  of  tlie  iMttle,  will  aasanie  a  cooical  ahape;  a^  ( 
brought  near  any  conducting  sabstance,  it  will  dart  to  il> 
luminous  streainjj. 

Ex.  IX. — Placea  dropof  w&terontheoaDdBctor,niMl 
the  macliine,  the  drop  will  afford  a  long  spark,  bsmm  > 
conical  figure,  itnd  carry  aoroe  of  tbe  water  ivith  it. 

Ex.  X. — On  tliis  wire  I  have  fixed  a  piece  of  se«liiig4i^ 
and  when  I  have  iixed  the  wire  into  the  end  of  the  coboM 
I  will  light  the  wax,  which,  immediately  the 
worked,  will  Ay  off  in  extremely  fine  threads. 

Ex.  XL — I  will  now  wrap  some  cotton-wool  round  tmi 
the  knobs  of  tbo  discharging  rod,  and  fill  the  wo(d  with  fiad^ 
Imiised  resin;  I  will  discharge  a  Leydeo  jar,  or  a  battnj,* 
theconuncm  way,  and  the  wool  jon  will  perceive  instant^  ia> 
blaze.  The  covered  knob  must  touch  the  knob  of  the  jar,  ui 
the  discbarge  be  eflecteil  ns  quickly  na  possible. 

You  will  rcuiemiier,  that  the  electric  fluid  always  takes  Ox 
nearest  direction  mid  the  best  conductors  to  lead  its  oouni; 
in  proof  of  which  take  the  followiDg  experiment: — 

Ex.  XII. — With  this  chain  moke  a  sort  of  W 
let  the  wire  w  touch  the  outside  of  a  charged  _ 
and  tbe  wire  jt  he  brought  to  tbe  knob  of  the  ji 
ifyou  are  in  the  dark  you  will  observe  a  brilliant 
W,  Bat  if  the  wire  lo  is  continued  to  »i,  the  rtg.  ij. 
electric  fluid  will  lake  a  shorter  direction  to  x, 
and,  of  course,  only  half  of  the  W  will  be  seen, — via.,  tbi 
part  marked  ni:t/:  but  if,  instead  of  the  wire  mm,  adrystid 
be  employed,  the  electric  matter  will  take  a  longer  dmiiL 
rather  than  go  through  a  bad  conductor,  and  the  whole  WwiQ 
be  illuminated. 

Ex.  Xin.— Here  is  a  two-ounce  phial  half  full  of  salad 
oil:  through  the  cirk  is  passed  a  piece  of  slender  wire,  thi 
end  of  which,  within  the  phiid,  is  so  bent  as  to  touch  the  giaa 
just  below  the  ..jurface  of  the  oil.  I  will  now  place  my  thnub 
opposite  the  jmiTit  of  the  wire  in  the  I>ottle,  and  in  th»l 
position  take  a  spark  from  the  charged  conductor.  Ton  ma* 
observe  that  the  spark,  in  order  to  get  to  my  thumb,  hM 
actually  perforated  the  glass.  In  the  same  way  I  can  mafc« 
fwforatiouB  all  round  the  phial. 
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C!t.  'Woiild  the  esperiment  succeed  with  watei-  instead 
foil? 

Fa.  No;  it  would  not. 

Ja.  At  any  rate,  we  see  the  course  of  the  electric  fluid  in 
this  erperiment:  for  the  spark  eonies  from  the  conductor 
-lown  the  wire,  and  through  the  glaas  to  the  thumb. 

Fii.  Its  direction  is,  liowever,  belter  shown  in  this  way: — 

Ei.  XIV. — At  that  end  of  the  conductor  which  is  farthest 
from  the  maehine,  fix  a  brass  wire  about  six  inches  long, 
having  a  small  brass  ball  on  its  extremity.  To  this  ball, 
when  the  machine  is  at  work,  hold  tlie  flame  of  a  wax  taper. 

Ch.  The  flame  is  evidently  blown  from  the  ball  in  the 
direction  of  the  electric  fluid;  and  it  has  a  similar  effect  to 
the  blast  of  a  pair  of  bellows. 

Ex.  XV. — Fix  a  pointed  wire  upon  the  prime  conductor, 
with  the  point  outward,  and  a  similar  wire  upon  the  insu- 
lated rubber.  —  Shut  the  window-shutter,  and  work  the 
machine. — Now  observe  the  points  of  the  two  wires. 

Ja.  They  are  both  illuminated,  but  dilTerently.  The  point 
on  the  conductor  sends  out  a  kind  of  brush  of  fire;  but  that 
on  the  rubber  has  the  appearance  of  an  illuminated  star. 

Fa.  You  sec  now,  then,  I  hope,  the  difference  between 
positive  and  n^ative  electricity. 

QUESTIONS  FOR  £XAU1  NATION, 


DoM  (lis  dH  of  the  electric  ipark 

tondnclor?  —  What    effMt   bu    Hi 

dei^Bd   ou   the  eonduolor?  -  WU.t 

elKlric  fluid  puukE*  or  Hie  nntun  of 

w.i  ?— How  l<  eotUm-wool  Kloa  Hn 

On  ?  —  !■  the  ipirk  dlAmnt  ucordiDfE 

—  Whut  coune  doei  Uie  elMlrk  fluid 

iiJw.y.  Uke  ? -^  E-pliiin  [hi.  by  Hf .  11 

—  How  i.  iiQ  iTory  b.U  mule  Inminouif 

—  How  <■  1  hole  mide  throogli  >  gliM 

phUI?^Hon  1>  the  conru  of  Hie  fluid 

—  Upon  wbU  dou  ita  briltlnuc;  I  afaowu  with  ^  lighted  taper? — EipUIn 
depend  >—  What  ■ppeuincei  are  ex-  |  tlie  dimmDce  belwceD  the  podtlre  uid 
hibltcd  by  ■  wet  ipongg  attached  to  a  |  n^aUve  electridl]'. 

CONVERSATION  XI. 


Father.  I  shall  proceed  this  morning  with  some  Other  ex- 
periments on  the  electrical  machine. 


Ex.  L — ^Here  are  two  witm;  mm  of  ifUch.  Ii  ^tmmmtiti 
with  the  outside  of  a  charged  L^den  jar;  the  other  is  so  tail 
as  to  touch  the  knob  of  the  jar.  Thetwe  stEeigfat  enia  I  vl 
bring  within  tiie  tenth  oC  aa  inA  of  each  nthar^  aal  pw 
thana  down  with  my  thumb;  and  haifing  duheiMid  tka  XQfl% 
in  this  poaition  I  will  diaeharge  the  jar.  Sow  look  at  mj 
thumbs 

€k.  ItwaasotnaqiaventthailihiiikleveaaMirlhebM 
of  it.    Did  it  not  hurt  yon  very  anu^  F^ipa? 

Fa.  With  attention,  jon  might  hftie  obaeryedthe  |ii  iiici|J 
blood  veaaeky  I  bdiere;  and  the  oolrf  ineoaTeaieaee  ^t  I 
Mt  was  a  sort  of  tremor  in  my  thnmb^  by  no  meaas  paiafd 
Had  the  wiiea  beea  at  doable  the  diataace^  the  abock  woaU 
probably  have  passed  round  my  tfanmb^  whicbk  nraat  ham 
canaed  a  more  unpleasant  sensation;  bat  aa  I  was  ao  dmtt 
the  electric  fluid  leaped  from  one  wire  to  the  others  aaddnnaf 
its  passage  illaminated  my  thumb,  without  going  through  it 

£x.  IL — I^  instead  of  my  thnmhy  a  decanter  foil  of  water, 
having  a  flat  bottom,  were  placed  on  the  wires,  and  the  dis- 
charge then  made,  the  whole  of  the  water  woold  have  been 
beautifully  illuminated. 

£x.  IIL — This  small  pewter  budget  is  full  of  ^wrater;  sus- 
pend it  from  the  prime  conductor,  and  put  in  a  glass  ayphon, 
with  a  bore  so  narrow,  that  the  water  will  hardly  drop  out 
After  having  darkened  the  room,  observe  what  will  Happen 
when  I  work  the  machine. 

Jo.  It  runs  in  a  fuU  stream,  or  rather  in  several  sU  earns; 
all  of  which  are  beautifully  illuminated. 

Fa.  Ex.  rV. — If  the  Imob  a  communicale  with  w-^^,rrdl 
the  outside  of  a  charged  Leyden  jar,  and  the  knob  ^jf  ^ 
b  with  the  outside  coadag,  and  each  be  held  about       nl 
two  inches  from  the  lighted  candle  x,  and  opposite        ^ 
to  each  other,  the  flame  will  spread  towards  each, 
and  a  discharge  be  made  through  it:    this  shows 
the  conducting  power  of  flame. 

This  instrument,  which  consists  of  two  circular 
plates,  of  which  the  largest,  b,  is  about  fifteen  inches 
in  diameter,  and  the  other,  a,  fourteen  inches,  is 
called  an  electrophorus.  It  was  invented  about  the 
year  1774,  by  Prolesaor  Volta,  a  name  well  known  ^"  *' 
from  his  numerous  discoveries  in  electrical  sdeaGe. 
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It  takes  its  same  from  the  Greek  eleetren  (i^Xcrrpav),  and^iA^o 
(fipiu),  "  I  bearorcarrj."  The  untler  plate,  %  is  made  of  glass, 
nilphur,  pitcb,  or  sealing-wax,  or  of  aay  other  noD-ennducting 
Bubetance,  aach  aa  a  mixture  of  pitc^  and  chalk  boiled 
blether.  The  upper  plate,  a,  called  the  cover,  ia  sometinter 
made  of  brass,  and  sometime»  of  tin;  bat  this  id  of  wood, 
covered  very  neatly  with  lin-tbi),  and  well  rounded  at  the 
edges,  to  prevent  the  dispersion  of  the  electricity:  n  is  an  in- 
sulating handle  of  glass,  fixed  to  a,  socket,  by  which  the  apper 
plate  is  rpmoved  from  the  uoder  one. 

CA,  What  do  you  mean  by  an  electrophorua? 

^'fl.  It  ia,  in  fact,  a  sort  of  simple  electrical  machine,  and  ia 
thus  used.  Kub  the  upper  surface  of  the  lower  plate,  a,  with 
a  fine  piece  of  new  flannel,  or  fur,  and  when  it  is  well  excited, 
and  bniught  into  a  state  n^atirely  electrical,  place  Upon  it  the 
uppei  plate,  a,  by  the  insulating  handle,  and  then  put  your 
finger  on  the  upper  plate;  next  remove  this  plate  by  the  glosa 
handle,  a,  und  if  you  apply  your  knuckle,  or  any  other  con- 
ductor communicating  with  the  earth,  or  the  knob  of  a  coated 
jar,  you  will  obtain  a  spark.  This  operatiou  may  be  repeated 
many  times  without  exciting  again  the  under  plate;  it  will 
also  inllame  a  jet  of  hydrogen  gas. 

Ja.  Can  you  charge  a  I^yden  jor  in  this  way? 

Fa,  Yea;  it  has  been  done,  and  by  a  single  excitation,  so 
as  to  pierce  a  bole  through  a  card. 

Here  is  on  electrometer,  which  ia  far  superior 
to  any  yet  invented;  as  it  is  capable  of  discovering 
the  smallest  quantities  of  electricity,  a  ia  a  glass  jar, 
B  the  c«ver  of  metal,  to  which  are  attached  two  pieces 
of  gold  Itai  r,  or  two  pith  balls  suspended  on 
threads.  On  the  sides  of  the  glass  jar  a 
narrow  strips  of  tin-foil. 

a.  How  is  ihia  instninient  used? 

Fa.  Airfthing  that  is  electrifletl  is  to  be  brought     *^^'  '*' 
to  the  cover,  which  will  cause  the  pieces  of  gold   leaf,  or  pitli 
balls,  to  diverge;  and  the  sensibility  of  this  instrument  ia  so 
great,  that  the  brush  of  a  feather,  the  throwing  of  cbalk,  h«ir- 
powder,  or  dust,  agaioBt  the  cap  b,  evinces  strong  ^gns  of 


Es.  V. 


city. 


■Place  on  the  cap  a  a  little  pewter,  or  any  other 
cnp,  having  some  water  in  it;  then  take  from  the  fire 
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alive  cinder^  and  put  it  in  the  capi  and  the  -  ebeteiei^  «f 
vapour  is  verj  admiraUj  exhibited. 

A  thunder  cloud  passing. over  this  inatnuMmt  will 
the  gold  leaf  to  strike  the  sides  at  every  flaah  of  llgfataia^ 

Ex.  VL — ^Excite  this  stick  of  seeling-waa^  and  Imng  ilto 
the  cover  n.  Now  observe  how  often  it  canaca  the  gold  It^ 
to  strike  against  the  sides  of  the  glass. 

•/a.  Are  the  slips  of  tin-foil  intended  to  eany  awayibs 
electric  fluid  communicated  by  the  ^oljects  preoented  to  the 
cap  B? 

jPo.  They  are;  and  by  them  the  equilibrium  ia  i«storod. 

QUESTIONS  FOB  EXAMBfATtON. 

How  to  the  thnmb  fllnmfaitod  by  tlie  Is  aa  atoetioplMnMr-^flainr  at  Ai 

•lectrlcal  fluifd,  and  what  maj  be  aeea  oonttmetloa  of  a   gtmiOj   t— |i  ^Jial 

daring   the   experiment?  — ^ow  if  eleotrometer,  and  liovr  Jt  H  nnUT  - 

water  illuminated  ?  —  Explain  the  oon-  How  is  eiadrldty  ahown  bj 

•traction  of  sn  electrometer. — What  ration? 


CONVERSATION  XIL 

OF     ATMOSPHERIC     ELECTRICITY. 

Charles.  You  said  yesterday,  that  the  electrometer  was 
affected  by  thunder  and  lightning.  Are  lightning  and  elec- 
tricity similar? 

Fa.  They  are  undoubtedly  the  same  fluid,  as  was  dis- 
covered by  Dr.  Franklin  more  than  half  a  century  ago. 

Ja.  How  did  he  ascertain  this  fact? 

Fa.  He  was  led  to  its  theory  from  observing  the  power 
which  uninsulated  points  possess  of  drawing  from  bodies  their 
electricity.  While  waiting  for  the  erection  of  a  spire  in 
Philadelphia,  to  carry  his  ideas  into  execution,  it  occurred  to 
him  that  a  boy's  kite  would  answer  his  purpose  better  than  a 
spire.  He  therefore  prepared  a  kite,  and,  having  raised  it, 
he  tied  to  the  end  of  the  string  a  silken  cord,  by  which  he 
might  make  the  kite  completely  insulated.  At  the  jui\ction 
of  the  two  strings  he  fastened  a  key,  as  a  good  conductor,  in 
order  to  take  sparks  from  it. 

Ch.  Did  he  obtain  any  spai'ks? 

Fa.  One  cloud,  which  appeared  like  a  thunder-doud,  pnmwd 
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irithout  any  effect.  Shortly  after,  Ilio  loose  threads  of  the 
hempen  string  stood  erect,  in  the  fMUne  manner  a3  they  would 
if  the  string  had  been  hung  on  an  electrified  insulated  con- 
ductor. He  then  presented  his  knuckle  to  the  key,  and 
obtained  an  evident  spark.  Others  succeeded;  but  when  the 
rain  had  wetted  the  string,  he  coUected  the  electricity  very 
plentifully. 

Ja.  Could  I  do  so  with  our  large  kite? 

Fa.  I  should  not  like  you  to  raise  your  kite  during  a 
tliunder-stomi,  because,  without  very  great  care,  it  might  be 
attended  with  considerable  danger.  A  celebrated  electrician. 
Professor  Richman,  of  St.  Petersburg,  was  struck  dead  by  a 
ilash  of  lightning,  which  he  had  collected  &om  the  clouds,  by 
a  somewhat  similar  apparatus.  Your  kite  is,  however,  quits 
large  enough:  f.jr  it  is  four  feet  high,  and  two  feet  wide;  but 
everything  depends  on  the  string,  which,  according  to  Mr. 
Cavallo,  who  has  made  many  experiments  on  the  subject, 
should  be  made  of  two  thin  threads  of  twine,  twisted  with  k 
copper  thread.  If  you  are  desirous  of  raising  kites,  for 
electrical  purposes,  I  must  refer  you  to  Mr.  Cava! lo'a  work  on 
Electricity,  vol.  ii.,  in  wliiuh  you  will  find  ample  instruction. 

Ch.  How  do  those  conductors,  which  I  have  seen  Kxeil  to 
various  buildings,  operate  in  dispersing  lightning? 

Fa.  Tou  know  how  easy  it  is  to  charge  a  Leyden  jar;  but 
when  the  machine  is  at  work,  if  a.  person  hold  a  point  of  steel, 
or  other  metul,  near  the  conductor,  the  greater  part  cf  the 
fluid  will  run  away  by  that  point  instead  of  proceeding  to  the 
jar.  Hence  it  was  concluded  that  pointed  i-ode  would  draw 
away  from  buildings  the  lightning  from  clouds  that  were 
passing  over  them. 

Ja.  Is  there  not  a  particular  method  of  filing  them? 

Fa.  Yes:  the  metallic  rod  must  reach  from  the  ground,  oi 
the  nearest  piece  of  water,  to  ii  foot  or  two  above  the  building 
it  is  intended  to  protect,  and  should  terminate  io  a  line  point. 
Some  electricians  recommend  that  the  point  should  be  of  gold, 
to  prevent  rusting. 

Ch.  What  would  be  the  consequence  if  lightning  were  to 
strike  a  building  which  was  devoid  of  a  conductor? 

Fa.  That  may  be  best  explained  by  telling  you  wimf 
happened,  many  years  ago,  to  St.  Bride's  church.  The 
lightning  first  struck  the  wentlier-cock:  descending  thence 
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Muiiawbfe,  llMt  it  b 

*Ki.  The  weftther-ooA  wh  |«ohi 
whT  did  it  not  act  aa  a  coaductor? 

fii.  Although  it  wm  raads  of  inm,  yat  it  «■■  « 
ioMblea  bf  kfl^  flnl  in  Nona,  (rtisli  ]«d  %asaD»4rfkr 
crattMied  hot  iiLlhiA.    Vbea,  t' 
■track  Oe  iraiAs-eaak,  bf  a  ~ 
anotber  oaadaelor,  k  beat  doirB  wtaMe^tr  i^. 

Ol.  nie  power  t^ygklHBgnMt  be  MIT  grwt. 

/iL  It  ii  imriMibfe.     The  Attsny  wps^^  iril 


Ex.  I. — A  i>  ft  bond  i  mini  ill  ii|  Ike  pMe 
end  of  a  bouse:  it  ii  fixed  cm  anolfaer  board  b: 
a  £  c  d  is  a  sqoue  bt^  to  wbldi  a  piece  of 
wood  is  fitted;  ad  reprasenta  a  wire  fixed 
diagOBidly  oo  the  wood  abed;  xi,  ter 
nated  t^  a  koob,  c,  repreHente  a  weatho^oock, 
and  the  wire  ee  is  fixed  to  the  board  a. 

It  is  evident  that  in  the  state  in  whidi  it  i> 
drawn  in  the  figure,  there  is  an  interruption  m 
the  ccBdncting  rod;  aooordinglj,  if  the  diain  m 
with  the  outside'  of  a  Lcj^a  phial,  and  diat  phial  m  dit- 
charged  tiiroagh  x,  by  bringing  one  part  of  the  diadiargi^ 
rod  to  the  knob  of  tbe  Lejden  phial,  and  tlte  other  to  witUa 
an  indi  or  two  of  «,  the  piece  ol  wood, ai  e  d,  wiH  be 
thrown  out  with  violence. 

Ja.  Are  we  to  andastaiMi  bj  ^a»  experimeat  Hiat  if  the 
wire  xb  bad  been  continued  to  the  chain,  the  f^eelric  fluid 
would  have  ran  dong  it  without  disturbing  tbe  loose  bovJ? 

Fa.  Ex.  IL — Yes:  tar  if  the  piece  of  wood  be  takea  «a^ 
and  the  part  a  be  pat  to  the  plaoe  b,  then  d  will  oonte  to  e, 
and  the  conducting  rod  will  be  complete,  and  eantinned  fivta 
z  tfarongh  a  and  d  to  t;  now  tbe  phial  may  be  diacbat^ed  aa 
often  as  you  please:  bat  tbe  wood  wiH  remain  in  ita  ^ae^ 
because  the  ^ectric  fluid  runs  over  the  wire  to  z,  and  males 
its  waj  by  the  chain  to  the  outside  of  the  phiaL 

Ok.  ThmifKTepnsart  the  wetlher-ooek  of  flie  Aatdt, 
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the  lightning  having  overcharged  it,  by  its  endeavoura  to 
reach  another  conductor,  as  et,  liae  foroed  away  the  stone  or 
atones  i epresent^d  hy  abc d? 

Fa.  That  is  what  I  meaot  to  «oiiTej  to  your  minds  by  the 
first  «xperitnent;  anrl  the  second  illustration  shows  very 
clearly,  that  if  an  irun  rod  had  gone  from  the  weather-coek  to 
the  ground,  >rithoijt  irtterroption.  it  would  have  conduoted  the 
electrichy  safely  to  tlie  earth  wilhont  doing  any  injury  to  the 
church. 

Ja.  How  was  it  tiiat  all  the  stones  were  not  beaten  down? 

Fo.  Because,  in  its  passage  downwards,  it  met  with  many 
other  conductors.  I  will  re»d  part  of  what  Dr.  Watson  says 
on  thin  fact,  who  examined  it  very  attentively — 

"  The  Kghttiing,"  says  lie,  "  first  took  a  weather-cock, 
which  was  fised  at  the  top  of  the  steeple,  and  was  oondncted 
without  injuring  the  metal  or  anyl^iog  else,  as  low  as  where 
the  large  iron  bar  or  spindle  wliioh  supported  it  terminated: 
there  the  metidlic  communication  ceasing,  part  of  the  light- 
ning exploded,  cracked,  and  shattered  the  obelisk,  which  ter- 
minated the  spire  of  the  steeple,  in  its  whole  diameter,  and 
threw  off,  at  that  place,  aeveral  large  pieces  of  Portland  stone. 
Here  it  likewise  removed  a  stone  from  its  place,  but  not  far 
enough  to  be  thrown  down.  Thence  the  lightning  seemed  to 
hare  rushed  upon  two  horizontal  iron  bars,  whit^h  were  placed 
within  the  building  across  each  other.  At  the  end  of  one  of 
these  iron  bars,  it  exploded  again,  and  threw  off  a  considerable 
quantity  of  stone.  Almost  all  llie  damage  was  done  wlnre 
tiie  ends  of  the  iron  bars  bad  been  inserted  into  the  etone,  or 
placed  under  it;  and,  in  some  places,  its  passage  might  be 
traced  from  one  iron  bar  to  another." 

QOESTIONS  FOB  EXAMINATION. 

Who  Otanaei  «hil  derMclCr  and  i 
UghtQing  were  Ihn  .mib  ?  -  How  waa  |  ■ 
tliit  uceruliiHl  } — Can  ligtilniDg  be  1 1 
obUiDFdbr  mklli:?— In  wtulmy  do  I  ItleKh?  — Give  i 
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CONVERSATION  TTTIT 


Charlei.  Does  the  air  always  contain  electricity? 

Fa.  Yes;  and  it  is  owing  to  tbe  electricity  of  the  atmii- 
Bphere  tliat  we  observe  a  number  of  curious  and  intereiliBf 
phenomena,  such  as  the  Aurora  Borealis,  or  Northern  Lighk; 
Water-spouts;  Hail;  the  Ignis  Fatuus,  or  Will-o'-the-wiap. 

Ja.  Since  lofty  objects  are  most  exposed  to  the  effecb  d 
lightning,  or,  oi  it  is  scientifically  called,  the  electric  fluid,  dn 
Dot  the  tall  n.ia»ts  of  ships  run  considerable  risk  of  beii% 
struck  by  it? 

Fa.  Certainly:  we  have  many  instances  recorded  of  th« 
mischief  done  lu  ships  by  lightniog:  one  of  wltich  is  rehvi 
in  the  Z*hiloso)>hic&l  Transactions;  it  happened  oa  board  ibt 
Montague,  on  the  4th  of  November,  174B,  in  lat.  42°  48',aDJ 
9'  3'  west  longitude,  about  noon.  The  master  of  the  vef*l 
looked  to  windward,  and  observed  a  large  ball  of  blue  fin, 
rolling  apparently  on  the  surface  of  the  water,  at  the  distiuit 
of  three  miles  from  them:  it  rose  almost  perpendicularly  when 
it  was  within  forty  or  fifty  yards  of  the  ship,  and  then  hunt 
with  an  explosioUj  as  if  a  hundred  cannons  had  been  fireii  >t 
one  time;  it  left  so  f^trong  a  smell  of  sulphur,  that  theehip 
seemed  to  contain  nothing  else.  After  the  noise  had  sab- 
sided,  the  main -top-most  was  found  shuttered  to  pieces,  tai 
the  most  itself  was  split  down  to  the  keel.  Five  men  wen 
also  knocked  down,  and  one  of  them  greatly  burnt. 

Ch.  Must  it  not  have  been  a  very  large  ball  to  prodnrt 
such  effects? 

Fa.  Yes:  the  person  who  noticed  it  said  it  appeared  to 
him  the  size  of  a  millstone. 

The  auroni  boi-ealis  is  another  electrical  phenomenon:  this 
is  admitted  without  any  hesitation,  because  electricians  cao 
readily  imitate  its  upjicarance  with  their  esperimenta. 

Ja.  It  must  be,  I  should  think,  on  a  very  small  scale. 

Fa.  True:  tlicro  is  a  gloss  tube  almut  thirty  inches  lonf. 
and  the  diameter  of  it  is  about  two  inches:  it  is  uearlyei- 
tiuted  of  air,  and  capped  on  both  ends  with  brass.      Connctf 
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tLese  enda,  by  means  of  a  chain,  with  the  positive  and  nega- 
tive part  of  a  machine,  and,  in  a  darkened  room,  you  ivill  eee, 
v/hna  the  machine  is  worked,  all  the  appearances  of  the 
nnrthem  lights  in  the  tube. 

Ch.  Why  is  it  Dcceasary  nearly  to  exhaust  the  tubeP 

Fa.  Because  the  air,  in  its  natural  state,  is  a  very  bad  con- 
ductor of  the  electric  fluid;  but  when  it  becomes  considerably 
rarer  than  it  generally  is,  the  electric  Huid  darts  from  one  cap 
to  the  other  with  the  greatest  velocity. 

Ja.  But  we  see  the  natural  Aurora  Borcalis  also  in  the  ur. 

Fa.  We  do  so;  but  it  ia  in  the  higher  regions  of  the  at- 
mosphere, where  the  air  is  much  rarer  than  it  is  near  the 
surface  of  the  earth.  The  experiment  which  you  have  just 
seea  iiccounts  for  the  darting  and  undulating  motion  which 
takes  place  between  the  opposite  ports  of  the  heavens.  The 
Aurora  Borealis  is  most  brilliant  in  those  couDtries  which  are 
ill  the  high  northern  latitudes,  as  in  Greenland  and  Iceland. 

The  Aurora  Bureulis  which  was  seen  in  tliis  couutry  on 
the  23rd  of  October,  in  the  year  1804,  is  deserving  of  notice. 
At  seven  in  the  evening,  a  luminous  arch  was  seen  from  the 
centreof  London,  extending  from  one  point  of  the  horizon,  about 
B.S.W.,  to  another  point,-  n.n.w.,  and  passing  the  middle  of  the 
constelbtion  of  the  Great  Eeju-,  which  it  very  much  obscured. 
It  appeared  to  consist  of  an  illuminated  vapour,  rolling  from 
Soutli  to  North.  In  about  lialf  an  hour  its  course  was 
changed,  and  became  vertical;  and  about  nine  o'clock,  it  ex- 
tended across  the  heavens  from  n.e.  to  s.w.:  at  intervals,  the 
continuity  of  the  luminous  arch  was  broken,  and  strong  flakes 
and  streaks  of  bright  red,  similar  to  those  which  appear  in  the 
atmosphere  during  a  great  fire  in  any  part  of  the  metropolis, 
darted  from  its  South- West  iiuarter,  towards  the  zenith.  Far 
Bcveral  hours  the  atmosphere  was  as  light  in  the  South- West 
sa  if  the  sun  had  not  set  more  than  half  an  hour;  and  the 
light  in  the  North  resembled  the  strong  twilight  which  marks 
that  part  of  the  horizon  at  Uidsummei'. 

Ja.  How  do  you  account,  Fupn,  for  the  Will-o'-the-wtep, 
or  Jaek-o'-lantcm,  as  it  is  eometimes  called? 

Fa.  This  is  a  meteor  which  seldom  appears  more  than  six 
feet  above  the  ground:  it  is  always  about  bogs  and  swampy 
placea;  which,  iu  hot  sultry  weather,  emit  an  inflammable  air, 
which  la  easily  (et  on  fire  by  the  electric  spark.     Tbes«  tdao, 
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imitato  as  the  anrota  honalia.  la  mom  puts  of  It^, 
meCeers  d  iiam  Und  are  fretiaeatikjf  Terj  Ingey  aaigife  a 

light  equal  to  thai  of  a  torch. 

Wattr^wpaiaM^  too^  which  asa  anmatimaa  aeea  aife  aei^  are 
Boppoeed  to  arise  from  Ilia  poarar  of  ^eetricitj. 

€91.  I  hare  heard  of  these;  tat  I  tbong hfcthaft  vatar-aponli 
al  sea,  and  whirlwiads  and  horricanea  \9f  \mA^  iriMf i  jsuiUwl 
solely  by  the  force  of  the  wind. 

Fa.  The  wind  is,  nndooblxidlj,  one  of  the  cauaea;  tat  i* 
will  not  account  lor  erery  appearance  eannected  with  then. 
Water-qpouts  are  eltea  seen  in  calm  weather:  tta  aea  aeeas 
to  boil,  and  send  up  a  vapour  which  rises  in  the  ahapa  of  t 
eone.  A  rumbling  noise  is  often  heard  at  the  tiona  of  thnr 
appearance^  which  hsqppens  generally  in  those  "w*"*^ha  that  ait 
peculiarly  subject  to  thunder  storms;  and  thej  ar«  eomaMMii^ 
accompanied  by  lightning. 

The  analogy  between  the  phenomena  of  water-spouts  and 
electricity  may  be  made  visible  by  banging  a  drop  of  water  tt 
a  wire,  communicating  with  the  prime  conductor,  and  placii^ 
a  vessel  of  water  under  it.  In  these  circumstances,  the  drop 
assimies  all  the  various  sppearances  of  a  water  8pout»  in  its 
rise,  (brm,  and  mode  of  dimppearing. 

Water-spouts,   at  sea,   are  undoubtedly  very  like  whirl* 
winds  and   hurricanes  by  land.     These  sometimes   tear  up 
trees,   and  throw  down   buildings,  and   scatter   tlie   earth, 
bricks,  stones,  timber,  &c.^  to  a  great  distance  in  every  di- 
rection.    Dr.   Franklin  mentions  a  remarkable  appearance 
which  occurred  to  Mr.  Wilke,.  a  distinguisht^  electrician. 
On  the  20th  of  July,  1758,  at  three  o'clock  in  the  afternooo» 
he  observed  a  great  quantity  of  dust  rising  from  the  gnmnd,. 
and  covering  a  field  and  part  of  the  town  in  which  he  thea 
was.     There  was  no  wind,  and  the  dust  moved  gently  towards 
the  East,  where  there  appeared  a  great  black  cluud,  which 
excited  his  apparatus  to  a  very  high  degree  ot  positive  elec- 
tricity.    This  ck>ud  went  towards  the  West;  the  dust  fol« 
lowed  it,  and  continued  to  rise  higher  and  higher,  till  it  com* 
posed  a  thick  pillar,  in  the  form  of  a  sugar-loaf:  and  at  length 
it  seemed  to  be  in  contact  with  the  cloud.     At  some  distance 
from  this,  came  another  great  cloud,  with  a  long  train  of 
nmaller  ones,  whklt  electrified  his  apparatus  negatively;  and 
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when  they  came  near  the  positive  cloud,  n  flash  of  lightning 
ivas  seen  to  rlart  through  the  cluwii  of  dust;  the  uegatho 
!k>u<Lt  iinuieii lately  spreitd  aud  Jisaolved  tlu;mselT<;s  in  rain. 

Ck.  Is  rain,  th«n,  an  electricul  phenomenon? 

Fa.  The  roost  enlightened  and  best  informed  electricians 
x>nsidcr  rain,  hail,  and  snow,  mnoQjj  the  effects  produced  by 
;he  eleftric  fluid. 

Ja,  Do  the  negative  and  positive  clouds  act  in  the  soma 
iinni'.er  ai'  the  oatside  and  inside  coatings  of  a  charged 
Ley den  jar? 

/'«.  Thunder- clouds  frequently  do  nothing  more  than  con- 
loct  or  convey  the  electric  matter  iVora  one  part  of  the  heaveas 
lo  another. 

Ck    Tlien  they  may  he  compared  to  the  discharging  rod? 

Fa.  And  perhaps,  like  that,  they  are  intended  to  restora 
ihe  equilibrium  between  two  places,  one  of  which  has  too 
much,  and  the  other  too  little  of  the  electric  fluid-  The  fol- 
lowinir  is  not  an  uu<t»nman  appeai'auce.  A  dark  cloud  is 
ibaerved  to  attract  others  to  it.  and,  when  grown  to  a  con- 
liderable  size,  its  lower  surbce  swells  in  particular  porta 
:o»arils  the  earth-  During  the  time  that  the  cloud  is  tbm 
bi-miu;:,  flashes  of  lightning  dart  from  one  part  of  it  to  the 
H'ler,  and  iit^en  illuminnte  the  whole  maj^s;  and  small  clouds 
ire  ol«ei'ved  moving  rapidly  beneath  it  When  the  cloud  has 
tcquired  a  sufficient  extent,  the  lighining  strike's  the  earth  in 
two  opposite  places. 

Ja.  I  wundei'  the  discharge  does  not  shake  the  earth,  as  the 
ihar^e  of  ajar  shakes  anything  through  whidi  it  passes. 

Fa.  Kvery  discharge  of  clouds  may  do  this,  although  it  is  . 
impercepiible  to  us. 

Ki'i'thquakes  are  sometimes  probably  occasioned  by  vast 
iiscliargea  of  llie  electric  fluid:  they  happen  moat  freqnentlj 
in  dry  and  hot  conntries,  which  are  subject  to  lightning,  and 
jther  electric  phenomena;  they  are  even  foretold  by  tba 
electric  eoruscQlioiiB,  and  other  apjiearanres  in  the  air,  Ibr 
•ome  days  preceding  the  event.  '1  liey  nre  usually 
nird  by  rain,  and  soinetiiDea  by  the  moet  dreadfiil 
norms. 
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QUESTIONS  FOS  EXAMINATION. 

What  atmotphetieal  phenomena 
does  electiieity  aooonnt  for  ? — Are  the 
maits  of  shipe  ever  ii^ared  by  light- 
ning?—  What  is  the  aurora  borealit  f 
—  How  U  it  imitated?— What  ia  the 
Jaok-o'-lantem  ?  —  What  is  the  cause 
of  virater-spoote  ^ —  How  !•  the  resem- 


blance between  wmtmr-^fioaka  aBdd» 
tricitj  shown?  —  Upooi  what  priadpi* 
are  rain,  haH,  nnd  aaofw  aooonnted  ftr» 
—  What  intention  do  tlumdiji  awH 
answer.and  to  whet  mej  thej  bceae- 
pared?~.What  are  eertbqeekM? 


CON\TERSATION  XIV. 

MEDICAL   ELECTRICITT. 

Father.  If  you  stand  on  the  glass-legged  stooL  and  lioi^ 
the  chain  from  the  conductor  while  I  work  the  machine  i 
few  minutes,  your  pulse  will  be  increased;  that  is,  it'vil 
beat  more  frequently  than  it  did  before.  From  this  and  otber 
circumstances,  physicians  liave  applied  electricity  to  the  core 
of  many  disorders :  in  some,  their  endeavours  have  been  ub- 
availing;  in  others,  the  success  has  been  very  complete. 

Ch.  Did  they  do  nothing  more  than  this? 

Fa,  Yes;  in  some  cases  they  took  sparks  from  their  pa- 
tients; in  others  they  gave  them  shocks. 

Ja,  This  would  be  no  pleasant  method  of  cure,  if  tb 
shocks  were  violent. 

Fa,  You  know  that,  by  means  of  Lane's  electrometer,  de- 
scribed in  our  Seventh  Conversation,  (fig.  10,)  the  shock  msj 
be  given  as  slightly  as  you  please. 

Ch,  But  how  are  shocks  conveyed  through  any  part  of  the 
body? 

Fa.  There  are  machines  and  apparatus  made  expressly  for 
medical  purposes;  but  every  result  maybe  obtained  by  the 
instrument  just  referred  to.  Suppose  the  electrometer  to  be 
fixed  to  a  Leyden  phial,  and  the  knob  at  a  to  touch  the  con- 
ductor, and  the  knob  b  placed  nearer  or  more  remote,  acconJ- 
ing  as  it  is  intended  that  the  shocks  shall  be  weak  or  strong; 
one  chain  or  wire  is  to  be  fixed  to  the  ring  c  of  the  electro- 
meter, and  another  to  the  outside  coating:  the  remaining 
ends  of  these  two  wires  are  to  be  fastened  to  the  two  knobi 
of  the  discharging  rod. 

Ja.  What  next  is  to  be  done;  if,  for  instance,  I  wish  •• 
electrify  my  knee? 

Fa.  All  you  have  to  do  is  to  bring  the  balls  of  the  dii 
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g  rod  ctoBe  to  your  knee,  one  on  the  one  side,  and  the 
other  on  the  opposite. 

Ch.  And  at  every  discharge  of  the  Lejden  jar,  the  enper- 
fthundant  electricity  Irom  withinside  will  pass  from  the  l^ob 
at  A  to  the  knoh  b,  and  will  proceed  by  the  wire  and  the  knee, 
in  its  way  to  the  outside  of  the  jar,  to  restore  to  both  sides  an 

Ja.  But  if  it  happen  that  the  arm  is  to  be  electrified,  how 
is  that  to  be  done?  Because,  in  this  case,  I  cannot  use  both 
hands  in  conducting  the  wires. 

Fa.  Then  jou  must  procure  the  assistance  of  a  friend,  who 
will  be  able,  by  means  of  two  instnunentK,  called  directors,  to 
conduct  the  fluid  to  any  part  of  the  body. 

CA.  What  are  directors? 

Fa.  A  director  consists  of  a  knobbed  brass  wire,  which,  by 
means  of  a  brass  cap,  is  cemented  to  a  glass  handle.  The 
operator,  holding  these  directors  by  the  extremities  of  the  glass 
handle,  brings  the  balls,  to  which  the  wires  or  chains  are  at- 
tached, into  contact  with  the  extremities  of  that  part  of  the  body 
of  the  patient  through  which  the  shock  is  to  be  sent.  If  I  fed 
rheumatic  pains  between  my  elbow  and  wrist,  and  a  person  hold 
one  director  at  the  elbow,  and  another  at  the  wrist,  the  shocks 
will  pass  through,  and  probably  will  remove  the  compltunt. 

Ja.  Is  it  necessary  to  stand  on  the  glass-footed  stool  to 
have  this  operation  performed? 

Fa.  By  no  means.  When  shocks  are  administered,  the 
person  who  receives  them  may  stand  as  he  pleases,  either  on 
the  stool  or  on  the  ground  :  the  electric  fluid,  taking  the 
nearest  passage,  will  always  reach  the  other  knob  of  the  other 
director,  which  leads  to  the  outside  of  the  jar. 

CA.  Is  it  necessary  to  divest  the  body  of  its  dress? 

Fa.  Not  in  the  case  of  shocks,  unless  the  clothing  be  very 
thick ;  but  when  sparks  are  to  he  taken,  then  the  person  from 
whom  they  ore  drawn  must  be  insulated,  and  the  clothes 
be  taken  off  the  part  affected. 

Ja.  Forwhatdisordersare  the  shocks  and  sparkschiefly  used? 

ffl.  They  have  been  found  useful  in  paralytic  disorders; 
in  contractions  of  the  muscles;  in  sprains,  and  in  other  cases; 
but  great  attention  is  necessary  in  regulating  the  force  of  tltn 
■hock;  because,  instead  of  adTantage,  mischief  may  occur  if 
it  be  too  Tudent 
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C3L  la  there  leia 'dinger  with  spwin? 

Fa.  Yes:  for  unless  it  be  in  very  te&ier 
there  is  no  great  risk  in  taking  lyarka:  ani 
verj  efiMstudl  in  removing  auaqr  oomplMnlai 

liie  oelebratod  Mr.  FergnaoB  waa  aeiaed,  «t  Bmfebi  wtt  a 
Tiolent  sore  throat,  eo  as  to  prevent  hioi  from  swattowi^ganf 
thing:  he  caused  sparks  to  be  taken  from  the  part  jtffectet 
and  in  the  course  of  an  hour  he  oaold  eat  amd  driak  iriilwit 
pain. 

This  is  an  excellent  method  in  aoBoe  eaa 
ache,  toothache^  &c 

Jo.  Would  not  strong  qMdka  ii^ore  the  «ar? 

Fa.  They  might;  and  therefore  the  electrio  fluid 
drawn  with  a  pointed  piece  of  wood  ooniieeied  witk  the  |«Bie 
conductor,  to  delicate  partSi  (m  which  it  ccaea  ha  m  geatfe 
stream ;  or,  when  sparks  are  taken,  a  veiy  aaaall  faraaa  Ml  ia 
used  at  some  distance  from  the  body;  because,  in  proportioa 
to  the  size  and  distance  of  the  ball,  is  the  aiae  and  inteotttf 
ti  the  spark. 

<|l7£6TIOKS  FOR  EXAIOKATION. 


Has  «leotridtf  besn  sppHed  to  uijr 
inqwrtant  porpons? — In  medieiiiftoui 
ihe  shodc  be  regulated  and  paned 
through  any  part  of  the  bo&ff — Ex- 
plain the  mode  of  opentioA. — What 


are  the  tfreeton?  —  la  ft 
that  a  penon  ahoold  be  *— H— ^  ta 
reoeire  a  shock? —  For  wbat  diaortet 
are  shoolu  and  spaito  dbiitflj  naedt  — 
How  ia  olecstEieltj  «ppliea  to  Hie  ««r? 


CONVERSATION  XV. 

OF   ANIMAL  ELBCTUCITT— OF   THE  TOUnCDO— -OP   THE 

GTMNOTUS   ELECTEICUS AND   OF  TEE   filLmtUB 

ELBCTRICOS. 


Father.  There  are  certain  kinds  of  fish  which  liave 
found  to  possess  the  singular  property  of  giving  shocks  Tcrj 
similar  to  those  experienced  by  means  of  the  Lejdeii  jar. 

Ch.  I  should  like  much  to  see  theuL  Are  ihej  eaaOj  ob- 
tained? 

Fa.  No;  they  are  not:  they  are  called  the  Torpedo^  the 
Gymnotus  electricviSy  the  Silurus  elecirieus,  the  Trickktmt 
huUcuSy  and  the  Tetraodon  elecirieus. 

Ja.  Are  they  all  of  the  same  genus  ? 
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Fa.  No  :  the  torpedo  is  a  flnt  fiah,  a  specaes  of  ray,  Bcldom 
found  twenty  inches  Imig.  and  common  in  various  purls  of 
the  sea-ooaat  of  Europe.  The  electric  orgnna  ol"  this  fish  are 
placed  on  eauli  side  of  the  gills,  where  they  fill  up  the  whole 
tfaickneas  of  the  animal,  from  the  lower  to  the  upper  fsurface, 
and  are  covered  by  the  eommoR  skin  of  the  body;  they  are 
composed  of  a  great  muliitude  of  vertical  and  piirailel  mem- 
branons  plates,  arranged  in  longitudinal  columns  of  various 
forms,  and  intersected  by  a  loose  net-work  of  tendinous  fibres, 
which  bind  them  toother:  in  the  midst  of  these,  however, 
are  many  interstiuee  containing  some  kind  of  fluid,  and  the 
whule  is  well  supplied  with  blood- vessels  and  nerves.  It  bu 
been  observed  tliat  the  arrangement  of  these  membranous 
plates  has  a  very  great  resemblance  to  a  voltaic  battery,  but 
whence  the  electrical  properties  are  immediately  derived  is 
not  known. 

Ch.  Gun  jou  lay  hold  of  the  iish  by  any  other  part  of  the 
body  with  impunity? 

Fa.  Not  altogether  so:  for  if  it  be  touched  with  one  hand, 
it  generally  comtaunicatea  a  very  slight  ahocki  but  if  it  be 
toached  with  both  hand«  at  the  same  time,  one  being  applied 
to  theundQr,and  the  other  to  the  upper  surface  of  the  body,  a 
shock  will  be  received  similar  to  that  which  is  occaaionod  by 
the  Leyden  jar. 

Ja.  Will  not  the  shock  be  felt,  if  both  hands  be  put  ou 
one  of  the  electrical  organs  at  the  same  time? 

Fa.  No:  and  this  shows  that  the  upper  and  lower  surfaces 
of  the  electric  organs  are  in  opposite  slates  of  electricity, 
answeiing  to  ^e  positive  and  negative  sides  of  a  Leyden 

Ch.  Are  the  same  substances  conductors  of  the  electric 
power  of  the  torpedo,  by  which  artihciat  electricity  is  con- 
ducted? 

Fa.  Yes,  they  are:  and  if  the  fiah,  instead  of  being  toudied 
by  the  hands,  be  touched  by  conducting  substances,  as  metuls, 
the  shock  will  be  communicaled  tlirough  them.  The  circuit 
may  also  be  formed  by  several  pi^rsous  joining  handsi  and 
the  shock  will  be  felt  1^  them  all  at  the  same  time.  But  the 
shock  wiU  not  pass  when  thei'c  is  the  smallcet  interruption : 
it  %>-ill  not  even  be  eondocted  through  o  chain. 

Ja.  Can  you  get  sparks  from  it? 
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No  spark  waa  ever  obuined  from  the  torpeilo:  d« 
couiu  electric  repulsion  and  attraction  be  prodnct^  bv  it. 

Ck.  leit  known  how  the  power  is  accumiilKtcd  ? 

Fa.  It  has  bfien  thought  to  dcpeiKl  on  the  will  of  'i* 
wiimal;  for  each  effort  is  ftec^rapnoied  hy  a  depresaon  m 
it«  eyes!  and  probahiy  it  uittkes  "se  of  it  as  a  means  of  «etf- 
defence, 

Ja.  Is  this  the  ease  also  wilh  the  other  clectricnl  fishes? 

Fa.  The  ^mnotut  possesses  all  the  electric  properties  li 
the  torpedo,  but  in  a  very  superior  degree.  This  fi.4i  Ui 
been  called  the  electrical  eel,  on  ao  ount  of  its  resemblitncs  to 
the  common  eel.  It  is  found  in  the  large  rivet«  of  Somb 
America. 

CA.  Arc  theso  fishes  able  to  injure  other  fishea  bj  lini 

Fa.  If  small  fishes  are  put  into  the  water  in  which  lit 
gTmnotus  is  kept,  it  will  first  stun,  or  perhaps  kill  them,  »ai 
if  hungry,  it  will  then  de^-our  them.  But  fishes  stimncd  Iw 
the  gymnotufl  may  be  recovered  bj  speedily  removing  tlieai 
into  another  vessel  of  water. 

The  gymnotua  is  said  to  be  possessed  of  a  kinil  of  sense,  br 
which  it  knows  whether  bodies  which  are  brought  near  him 
are  conductors  or  not. 

CA.  Then  it  possesses  the  same  knowledge  by  instinct 
which  philosophers  have  pained  by  experiment. 

Pa.  The  following  experiment,  among  others,  is  very  de- 
cisive on  this  point. 

Ex.  The  extremities  of  two  wires  were  dipped  into  the 
water  of  the  vessel  in  whicli  the  eel  was  kept;  they  were 
then  bent,  extended  a  great  way,  and  terminated  in  two  9ep«- 
rate  glasses  fuU  ofwat«r.  These  wires  being  supported  b* 
non -conductors,  at  a  considerable  distance  from  each  other, 
the  circuit  was  incomplete:  but  if  a  person  put  the  fingers  of 
both  hands  into  the  glasses  in  which  the  wires  terminaleii, 
then  the  circuit  was  complete.  While  the  circuit  was  incoin- 
plete^  the  fish  never  went  near  the  estremitics  of  the  wires, « 
if  desirous  of  giving  the  shock;  but  the  moment  the  circuit 
was  completed,  either  by  a  person,  or  any  other  conductw 
the  gymnotua  immediately  went  towards  the  wires,  andgavt 
the  shock,  though  the  completion  of  the  circuit  was  ojt  of  ha 
light. 
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k-     Ja.  How  do  Ihej  oatchthis  kind  offish?     The  men  would 

I  probably  let  them  go  on  receiving  the  shock. 

'  Fn.  The  gymnotoa,  m  well  a»  the  others,  may  be  touched. 
without  any  risk  of  the  shock,  with  wax  or  with  glass;  but  if 
it  be  touched  with  the  naked  finger,  a  gold  ring,  or  metal  of 
aaj  kind,  the  ahock  is  felt  completely  up  the  arm. 

Ch.  Does  the  SUurui  rlectricus  produce  the  same  effects  as 
the  other  fish  you  have  been  describing? 

Fa.  This  fish  is  found  in  some  rivera  in  Africa;  and  it  is 
known  to  possess  the  property  of  giving  the  electric  shock; 
but  no  other  particulars  liuve  been  recorded  respecting  it. 

With  regard  to  the  torpedo,  its  power  of  giving  the  be- 
numbing sensation  was  known  to  t)ie  ancients;  and  Irom  this 
it  probably  took  its  name.  In  Fermin's  Natural  History  of 
Surinam  is  some  account  of  the  trembling  eel,  which  Dr. 
Priestley  conjectures  to  be  a  difi'erent  fish  from  the  gymnotua. 
It  lives  in  marshy  places,  whence  it  cannot  be  taken,  except 
when  it  is  intoxicated.  It  cnnnot  be  touched  with  tlie  hnnd, 
or  with  a  stick,  without  feeling  a  powerful  shock :  even  if 
trod  upon  with  shoes,  the  legs  and  thighs  are  affected  in  a 
simikr  manner. 

QUESTIONS  FOR  EXAMUfATION. 

I  Doci  tbc  power  Hem  to  depend  on  the 
'  ,  will  of  llic  uiiDiBl? —  Don  the  ryni- 
I  botiiKpouasilmUar  propcni^to  thoH 
I  of  Ibe  torpedo  ?  —  Haw  doet  the  ejm- 

..  I  nolm  Hjt  Hpoo  oltoet  dill  ? — Whit  li 

■hown  by  thii  dihf  — Do  the  time  pcculinr  to  tlili  fiih?  — Mmlion  the 
mlwluiH*  Hodiun  Ibe  elntridl;  oTUn  upcriinnil  on  thli  aulJBK.— How  wu 
UHpado,  b7whkhartlfidalclKtriiTlt;l>  tlK  prnprntr  of  Uiia  flib  diKOvend?  — 
Kaiduijtwif  —  Dob  Uiii  B«h  give  out  Is  (here  mudi  known  of  tha  *"- — 
the  eltclrlul  tpuk.  or  txbibit  Iho  I  er.rrlriaur 
tBkBU  at  Mtnclion  and  ispdiiau  ?  —  |  ' 


CONVERSATION  XVI. 

OF  ELECTBICITT,    WITH  EXPEBIMEST8. 

Father.   Do  you  now  understand  what  electricity  is  ? 
Ck.  Tea;  it  is  a  fluidwhich  seems  to  pervade  all  substancesj 
ad  when  undisturbed,  it  remtune  in  a  state  of  equihbrium. 
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Jb.  And  that  certain  partioa  which  ererf  hodj  m  npfmoi 
to  contain  is  called  the  natural  share  of  that  bsdj. 

Fa.  When  a  body  is  possessed  of  mare,  or  lefl%  thn  its 
natural  share,  it  is  said  to  be  chmrged  or  electrified. 

Ch,  If  it  possess  more  than  its  natural  riinro^  it  la  nid  ti 
be  positively  electrified;  hot  if  it  contain  leaa  tluM  ita  aatn) 
share,  it  is  s<ud  to  be  negative^  electrified. 

Fa.  What  is  the  distinction  between  oondactora  and  n» 
conductors  of  electricity? 

Ch,  The  electric  fluid  passes  freely  tbrongli  i^  f&nmi 
but  the  lo/ter  oppose  its  passage. 

Fa,  You  know  that  electricity  is  excited  in  the  giestest 
quantities  by  the  rubbing  of  conducting  and  noii-condiielnf 
substances  against  each  other. 

Ex.  Bub  two  pieces  of  sealing-wax  or  two  pieces  of  gltfi 
together,  and  only  a  very  small  porti(m  of  electricity  can  be 
obtained:  therefore  the  rubber  of  a  machine  should  be  aooa- 
ducting  substance,  and  not  insulated. 

Every  electrical  machine,  with  an  insulated  rubber,  will  act 
in  three  difiercnt  ways:  the  rubber  will  produce  lu^atRv 
electricity;  tlie  conductor  will  give  out  positive  electricity; 
and  it  will  communicate  both  powers  at  once  to  a  person  or 
substance  placed  between  two  directors  connected  with 
them. 

Ja,  How  does  the  rubber  produce  negative  electricity? 

Fa,  If  you  stand  on  a  glass-legged  stool,  or  upon  tny 
othernon-conducting  substance,  and  lay  hold  of  the  rubber, or 
a  chain  communicating  with  it,  the  working  of  the  machine 
will  take  away  from  you  a  quantity  of  your  natural  electrichj, 
therefore  you  will  be  negatively  electrified. 

Ch,  Will  this  appear  by  the  nature  of  the  electric  fluio, 
if  I  hold  in  my  hand  a  steel  point,  as  a  needle? 

Fa.  If  you,  while  standing  on  a  non-conducting  substance, 
are  connected  with  the  rubber,  and  your  brother,  in  a  siniibr 
situation,  is  connected  with  the  conductor,  then  hold  points 
in  your  liands,  and  I,  while  standing  on  the  ground,  tirs-t 
present  a  bnuss  ball,  or  other  substance,  to  the  needle  in  }'our 
hand,  and  then  to  that  in  his  hand,  the  appearance  of  the 
fluid  will  be  different  in  both  cases  ;  at  the  needle  in  your 
hand  it  will  appear  like  a  star,  but  at  that  in  your  brother^ 
it  will  be  rather  in  the  form  of  a  brush. — What  will  happea 
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if  yen  birng  tiro  bodies  nuar  to  eueh  other  -vrtuch  are  both 
electrifieil? 

Ja.  If  ihey  are,  both  positively  or  both  nejiatively  electri- 
fied, they  will  repel  ejitU  other;  liut  if  one  is  ne^atiTe  and 
the  (ilher  poutiTe.  they  will  attract  each  other  till  tliey  touch, 
ftnd  the  tiqailtbrium  is  again  restored. 

J'a.  If  tL  body,  containing:  only  it«  natarul  Ehsn;  of  electri- 
city, be  broaglit  near  to  another  that  is  electrifiud,  what  will 
be  the  ooDsequence? 

CA.  A  quantity  of  dectricitywill  force  itM;lf  through  the 
ttir  in  the  form  of  a  spark. 

Fa.  WTien  two  bodies  approach  each  other,  one  electrified 
positively  and  iJie  ather  negatively,  the  superabundant  elec- 
tricity rushes  vitdently  from  one  to  the  other,  to  restore  the 
equilibrium.  What  will  happen  if  your  body,  or  any  part  of 
it,  form  part  of  the  circuit? 

Ja.  It  will  produce  an  electric  shock;  aod  if,  instead  of 
ene  person  aluiie,  many  join  hands,  and  form  a  part  of  tlie 
circuit,  they  will  all  receive  a  shock  at  one  and  the  aanie 
instant. 

/a.  It  I  throw  a  larger  quantity  of  electricity  than  its 
natural  share' on  one  side  uf  a  piece  of  gloss,  what  will  hajipen 
to  the  other  side? 

CA.  The  other  aide  will  become  negatively  electrified:  that 
ia,  it  will  have  as  much  Iom  than  its  natural  share  as  the 
othisr  has  more  than  its  natural  sliare. 

Fa.  Does  eleclricily,  coranmnical«d  to  gUsH,  spread  over 
the  whole  surface? 

Ja.  Ho:  ghus  bring  an  excellent  non -conductor,  the 
electric  fluid  will  be  confined  to  the  part  on  wliich  it  is 
thrown:  and  for  that  reason,  and  in  order  to  apply  it  to  the 
whole  surface,  the  glass  i«  covered  with  tiu-JoLI,  which  is 
called  teoaling. 

Fii.  And  if  a  conducting  commonication  be  made  between 
botJi  side?  of  the  glaas,  what  takes  place  then? 

Ck.  A  discharge ;  and  this  happens  whether  the  glass  be 
flat,  or  of  any  other  fbrni. 

Fa.  What  do  you  call  a  cylindrical  glaas  vessel  thus 
coattd  for  electrical  purposes? 

Jti.  A  l«yden  jsj-;  and  when  the  inaides,  and  also  the 
aatsidea  of  several  of  tbeae  jars  are  oonuected,  tt  u  called  oo 
electrical  battery. 
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Fa.  Electricity,  in  this  form,  i*  capable  of  prodadog  ibi 
most  powerful  elfecle;  auch  as  melting  metals,  firing  fpihtt 
and  other  inflammable  substances.^ — ^What  effect  has  mettlHc 
points  on  electricity? 

Cb.  They  discharge  it  silently,  and  hence  their  pw 
utility  in  defending  buildings  from  the  dangerous  effects  «' 
lightuing. — Pray  what  is  thunde 

Fa.  As  lightning  appears  to  >».  >.>ie  rapid  motion  of  nn 
masses  of  electric  matter,  so  thunder  is  the  noige  prodacrf  M 
the  motion  of  lightning:  and  when  electricity  passes  thiw^ 
the  higher  parts  of  the  atmosphere,  where  the  air  is  Ttn 
much  rarefied,  it  constitutes  the  aurora  borealis. 

Ei.  If  two  sharp  pointed  wires  be  bent  "'~"----,^,'^' 
with  the  four  ends  nt  right  angles,  but  pointing  4--^]'^  i 
different  ways,  and  they  be  made  to  turn  upon  ' 

a  wire,  ;r,  fixed  on  the  conductor,  the  moment  ' 

it  is  electrified,  a  flame  will  be  seen  at  the  points        *^' "' 
abed;  the  wire  will  begin  to  turn  round  in  the  directiM 
opposite  to  that  to  which  the  points  are  turned,  and  the  na- 
tion will  become  very  rapid. 

If  the  figures  of  horses,  cut  in  paper,  he  fastened  upon  tliwf 
wirea,  the  horses  will  seem  to  pursue  one  another,  and  this  ii 
called  the  electrical  horae-race.  Of  course,  upon  tliia  prin- 
ciple, many  other  amusing  and  very  beautiful  experimenU 
may  be  made :  and  likewise  scTeral  electrical  orreries  ban 
been  contri%-ed,  showing  the  motions  of  the  earth  and  moos, 
and  planets  round  the  sun. 

Ja.  How doyou  account  for  this? 

Fa.  Fix  H  sharp  pointed  wire  into  the  end  of  the  large  MB' 
ductor,  and  hold  your  hand  ne.ir  it: — no  sparks  -will  ensor: 
but  a  cold  blast  will  come  from  the  point,  which  will  turn  mj 
light  wheels,  mills,  ttc. 

Ch.  Can  the  direction  in  which  the  electric  matter  mora 
be  distinguished  by  the  senses? 

Fa.  The  hypothesis  most  generally  admitted  on  this  sob- 
ject  is,  that  electricity  is  a  uniform  fluid,  capable  of  hdng 
rarefied  or  condensed,  and  that  in  the  common  electric! 
mnchine  it  passes  from  the  cylinder  to  the  conductor  widi 
points. 

Ch.   On  what  principles  is  tin's  hypothesis  founded? 

Fa.  The  most  prevaUing  opinion  is  that  if  the  cooidncW* 
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which  deriveB  iti  electricity  from  the  cylinder,  be  made  sharp 
or  angular  at  any  part,  not  very  near  the  cylinder,  a  diverg- 
ing cone  of  electric  tight  will  be  seen,  the  vertex  of  which  is 
the  point  itself;  and  the  electric  phenomena  will  be  much 
diminished.  But  the  conductor  which  ia  connected  with  the 
rubber,  though  its  effecta  be  equally  diminished  by  a  similar 
circumstance,  will  never  exhibit  the  cone  of  rajs,  but  ia  only 
tipped  at  the  point  with  a  small  globular  body  c^  light.  The 
cone  bfks  been  thought  to  resemble  the  rushing  out  or  emit- 
ting of  light,  and  the  globe  the  appearance  of  the  imbibing  or 
entrance  of  the  electric  matter.  And  hence  the  terra  poii- 
tivt  electricity  has  been  adopted  for  that  of  the  cylinder,  and 
tUffotiee  for  that  of  the  rubber. 

CA,  And  are  these  terms  universally  adopted  in  that  sense? 

fa.  I  have  so  used  them  in  the  experiments  mentioned  in 
our  ConversBtJona;  but  I  perceive  that  some  writers  are 
doubtful  of  the  propriety  of  this  application. 

Ja.  If  electricity  be  produced  by  the  excitation  of  a  globe 
or  cylinder  of  sulphur  or  re^in,  will  the  same  terms  apply? 

Fa.  No;  in  that  case  they  will  be  reversed:  the  rubber 
will  be  positiTe,  and  the  cylinder,  with  its  conductor,  will  be 
negative. 

The  difference  in  most  cases,  it  is  said,  arises  from  the  rela- 
tive smootbnesa  of  the  surfaces  of  the  electric  body  and  itd 
rubber  when  compared  with  each  other.  Glass,  made  rough 
by  grinding  with  emery,  excited  by  flannel,  is  negative ;  but 
with  dry  oiled  silk,  rubbed  with  whiting,  it  is  positive.  Even 
polished  gloss  may  be  rendered  negative,  according  to  ibe 
same  authority,  by  rubbing  it  with  the  hairy  side  of  a  cat's 
skin.* 

Ch.  Is  air  perfectly  electric? 

Fa.  It  must  not  be  understood  to  be  perfectly  so,  hut  com- 
posed of  non-conducting  parts.  It  is  only  permeable  by  the 
force  of  the  electric  fluid  which  divides  it,  or  sepai'ates  its 
parts.  When  this  happens  to  a  solid  electric,  a  hole  is  made 
through  it.  Long  sparks  from  a  machine  are  all  always 
crooked  in  various  directions,  like  lightning ;  which  effect 
aeems  to  be  caused  by  the  electric  matter  passing  through, 
those  parts  of  the  air  in  which  the  beat  conductors  are  found. 

■  HIcbotooD,  VtA.  Fhfl. 
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Ib  iwimi  I  ef  tlw  cUctrk  hmUct,  it  aetram  ttutt  hs  tfistifln- 
tkn  b  gownU  Utat  iu  pnaenve  (w  (iWoTcred  b^  pni[KT 
iiirturlmr)  i*  perp«*iMl;  iW  it  app<>ar8  la  bat  in  ma-tat 
notion,  acutely  nwiafjning  &  sute  or  rvM  for  e%-cii  a«  hiur 
tiuit  all  oly«cU  hare  their  share  of  ii;  that  olijccts  sftnil 
ercB  from  a  distance i  thai  wiie>  objects  liave  14X1  litilvHlii. 
they  attract  a  quaDtitjr  from  ihoce  which  have  too  niach.it 
ordrr  to  niftiDtaia  an  equality;  thai  it  «eeni«  ncniaenrr  tc 
vitality ;  that  it  u>  capable  of  being  coltert^d  in  ven  !>nn 
qvuwtilied;  that  then  it  may  be  made  to  pcrt'una  laost.  if  a* 
ii,  the  operations  of  common  Sre;  and  that,  wh--n  nJlMbJ 
iu  quantities,  it  is  c^wble  of  irtvdistible  etTirct^;  mu^  » 
lightning,  earthquakes,  he. 

Ch,  What  is  the  diSerence  between  Magn^iiam  and  E1k> 
tticily.  Papa? 

Fa.  As  to  Ifagnetism,  it  has  of  late  years  been  fouvl  tM 
it  is  BO  closely  allied  to  Electricity,  that  tlie  one  dctvt  "(i*- 
ntes  without  the  other,  and  that  th^r^  is  no  poe^tbiUi;  d 
determining  what  part  it  takes  ia  the  connexion. 


1.  The  electric  fluk 
BndlstDTtrtd  it  rtmain 

t.  TluC  ponloB  vl 
utanl  ihuit. 

a.  Its  propertiw  wt 
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11.  IC  of  two  bodls  dcctriflrd.  Ilie  one  be  clectrifled  po^tinlj  md  Ibt  otba 
M^dvclf,  Uttf  BUI  MttMl  i-nrh  orher. 

H.  ITpijn  (tie  priadplB  of  «n«ction  ud  npnUon  elwiromelm  »n  fomniJ. 

14.  lf«bi>dreonUiningonlTit-n«Hinilihimor»l«Irldt)'l»  pivKDtMl  tui- 
Ad«iil]'iMriait»d)'c1«UMiddth«'p«iMwnl*w.>quaiiiii)'orthe  eJcctric 
fluEil  willpiM  fhun  theUtirvlollw  ftuiBu  %]  tta  Aiiw  oTa  ipark, 

l«.  Whrn  two  *l«tn(lnl  boiUHi.  oi 
other  inlDelraiJ J  Dar.  Ui?  lapcrabuni 
Ibc  othrr  la  mum  <bc  Hmilibriam. 

I  r.  ir  u  itifiuaJ  tc  H  plaanl  u  to  Aith  pvt  sT  Ibli  fltoeoil.  tbe  et«li^j. 
to  puitnf:.  |iniilv»  m  «ruin  eS^t.  tilled  u  eleetrie  ihock, 

II,  TTw  n«ion  of  t)ie  electric  BBid  in  pHsiOE  fttim  >  podtive  to  i  negative 
taij  i>  •(•  n;M,  Hiit  it  ■ppun  lo  be  iHiwiUiieoiu. 

1«.  WhsiihcMIrideoragUaJu-tepmeiitcd  li 
•IdeorihrJiirwIllbeelMtftiirfMaiH;  bHItoka 
fled  pliu.  and  >l«T(iu. 

!n.  The  electric  floli)  eommnnlculcd  lo  gliM  doe*  dd(  ipnad.  oo  ucomit  of 
tlwiioD-KiiidiieUn;  quality  ofglao. 

1 L  EIrelHcal,  or.  u  tbcjr  an  DMallr  called.  LerdRi  jan  an  panJf  corend  wltli 
thi-WI  •■dpatil)' tare;  the  Wi-lbll  aroelenrto the  w— dmnifMtei  of  <w  iImiiIb 
JdM,  lad  tha  bare  part  of  tli*  Jar  pmnta  it  bom  pualm  from  tbt  mt  Mm  t« 
the  otker.     *  Jar  »  eorereit  in  nld  to  be  coated. 

tt.  If  a  annnT.nleatlon  br  a  ocndiKtJn;  BuManee  be  Made  bctmea  tbe  b^di 
and  otrtatde  vf  ■  nwlnl  and  cbarged  Jir.  ■  diKharne  take*  p)a«. 

t».  Bntia]  Lt7deii  Jan  eoantttni  hjpi^Uier  bull)  with  raprct  to  tbr  iaildc* 
and  oalaMca  m  called  no  declriral  baltny. 

11.  Eleetndtjf  by  meaiu  of  a  bailer?  ii  cspabJe  of  flnn^  tnflaMmaMa  m^ 
MaDrea  i  of  fu^g  mu  metala,  ot  anidatiUK  otben,  and  *•«  of  ktUInf  muiu 


M.  Wben  clectfldtr  aitni  a  polaL  It  appean  In  !>».-  fom  of  * 

tr.  II  l>   dtBOwmlad  tkal  UcktUns   aod  tbo  eleetrie  flaid  ar 
H.  U^iBiiHi  foay  be  drwn  Iraalha  eloDdabr  a  commoD  kite. 
tt.  Tboadrrb  Die  BoUe  produced  by  ibemoilDD  orilgbinlng. 
—    —       .._.......  ^  ihimwh  hlflilr  ranted  aic.  II 


r.  nectoctric  teu 
M.  Tba«*n«TeialUilliatGihibit  itnDielcetrkalpoma. 
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GALVANISM. 


CONVERSATION  L 


OF  GALVANISM. 


Father,  It  has  been  observed,  as  long  as  I  can  remeniberi 
and  probably  before  I  was  bom,  that  porter,  when  drank 
from  a  pewter  vessel,  had  a  better  flavour  than  when  drank 
out  of  glass  or  china. 

Ch.  Yes;  I  have  often  heard  my  uncle  say  so:  but  what  is 
the  reason  of  it? 

Fa.  Admitting  the  fact,  which  is,  I  believe,  generally 
allowed  by  those  who  are  much  accustomed  to  that  beverage; 
it  is  now  explained  upon  the  principle  of  Galvanism. 

Ja,  Is  Galvanism  another  branch  of  science  ?  Is  there  i 
Galvanic  fluid  as  well  as  an  electric  fluid  ? 

Fa.  Of  the  existence  of  the  electric  fluid  you  now  have  no 
doubt:  the  science  of  electricity  took  its  name  from  electnmy 
the  Greek  word  for  amber,  as  I  have  before  told  yon  ;  be- 
cause amber  was  one  of  the  first  substances  observed  to  pro- 
duce, by  rubbing,  the  effects  of  attraction  and  repulsion. 
GSalvanism  derives  its  name  from  Dr.  Galvani,  a  professor  of 
anatomy  at  Bologna,  who  first  reported  to  the  philosophical 
world,  in  1798,  the  experiments  on  which  the  science  is 
founded. 

Ch.  Pray  how  was  he  led  to  make  the  experiments? 

Fa.  Galvani  was  one  evening  making  some  electrical  ex* 
^riments;  and  on  the  table,  where  the  machine  stood,  were 
some  skinned  frogs :  by  accident,  one  of  the  company  touched 
the  main  nerve  of  a  frog,  at  the  same  moment  that  he  took 
a  considerable  spark  from  the  conductor  of  the  electrical  ma- 
chine ;  and  the  muscles  of  the  frog  were  thrown  into  stroag 
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convulsiona.  These,  which  were  observed  by  Galvani's 
wife,  led  the  professor  to  a  number  of  esperiments;  but  as 
they  cnnnot  be  repeated  without  much  cruelty  to  hving  ani- 
mals. I  shull  not  enter  into  a  detail  of  them. 

Ja.  Were  not  the  frogs  dead  which  first  led  to  the  discovery? 
Fa.  Yea,  they  were:  but  the  professor  nfterwards  made 
miiny  experiments  upon  living  ooea;  whence  he  found  that 
the  onvulsions,  or.  ns  they  arc  usually  called,  the  contriic- 
tions,  produced  on  the  frog,  may  he  excited  without  the  aid  of 
any  apparent  electricity,  merely  by  making  a  communication 
between  the  nerves  ^nd  the  muscles  with  substances  that  are 
conductors  of  electricity. 

Ch.  Are  these  experiments  peculiar  to  frogs? 
Fa.  No,  they  have  been  successfully  made  on  almost  all 
kinds  of  animals,  from  the  ox  to  the  fly.     And  hence  it  was 
at  first  concluded  that  there  was  an  electricity  peculiar  to 
animals. 

Ja.  You  have  already  shown  that  the  electric  fluid  exists 
in  OUT  bodies,  and  may  be  taken  from  them,  independently  of 
that  which  causes  the  contractions. 

Fa.  I  will  show  you  an  experiment  on  this  subject.     Here 
is  a  thin  piece  of  zine,  which  is  »  metallic  substance:  lay  it 
uirder  your  tongue,  and  lay  this  half-crown  ttpon  the  tongiu  "" 
Do  you  taste  anything  very  peculiar  in  the  metals? 
Ja.  No,  nothing  at  sJl. 
Fa.  Put  them  in  the  same  position  agiun,  and  now  bring'^ 
the  ed^es  of  the  two  metals  into  contact.  ■ 

Ja.  Now  they  e:(cite  a  very  disagreeable  taste,  somethingfl 
like  copperas. 

Fa.  Instead  of  the  half-crown,  try  the  experiment  with  a 
guinea,  or  with  a  piece  of  charcoal. 

Cli.  1  perceive  the  some  kind  of  taste  which  James  dei^l 
^ci'ibed.     How  do  you  explain  the  Pact?  H 

Fa.  Some  philosophers  maintain  that  the  principle  of 
Galvanism  and  Electricity  is  the  f<aiuc;  and  that  the  former  is 
the  evolution  or  emis»on  of  the  electric  fluid  from  conducting 
bodies,  disengaged  by  a  chemical  process;  while  the  latter  ia 
the  same  thing  made  apparent  to  the  senses  by  juM-eonducting 
bodies. 

Ja.  All  metals  arc  conducting  substances:  of  course  ths  , 
jpac,  the  guinea,  and  the  half-crown  ore  conductors. 
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Fa,  Yes;  and  so  are  the  tongue  and  the  BaUva:  and  it  is 
probable  that,  bj  the  decomposition  of  the  aalivs^  the  sbvp 
taste  is  excited. 

CA.  The  disagreeable  tasteoo  the  tongoe  cannot  be  dispated 
but  there  is  no  apparent  diange  on  the  sine  or  the  half-crown, 
which  there  oa^t  to  be  if  a  new  snbstanoe,  such  as  oxjgcn, 
has  entered  into  the  combination. 

Fa.  The  change  is,  perhaps,  too  small  to  be  perceived  ia 
this  experiment;  but  in  others^  on  a  larger  acale^  it  will  be 
▼eiT  evident  to  the  sight,  bj  the  tmdaiigm  of  the  "*^*Tt^T 

•/a.  Here  is  another  strange  word.  I  do  not  knoiw  whil 
is  meant  by  oxidation. 

Fa,  The  iron  bars  fixed  before  the  window  were  dean  ani 
almost  bright  when  placed  thore  last  sommer. 

Ja.  But  not  having  been  painted^  thej  are  become  qvili 
rusty. 

Fa,  Now,  in  chemical  language,  the  iron  is  said  to  be  on- 
dated  instead  of  rusty;  and  the  earthy  substance  Ihat  nu&y  be 
scraped  from  them  is  denominated  the  oxide  of  iron. 

When  mercury  loses  its  fine  brightness  by  being  long  ex- 
posed to  the  air,  the  dulness  is  occasioned  by  oxidation;  tint 
is,  the  same  efiect  is  produced  by  the  air  on  the  mercory,  as 
was  on  the  iron.  I  will  give  you  another  instance.  I  wi& 
melt  some  lead  in  this  ladle.  You  see  a  scum  is  speedify 
formed.  I  take  it  away,  and  another  will  arise,  and  so  per- 
petually, till  the  whole  lead  is  thus  transformed  into  an  i^ 
parently  different  substance.  This  is  called  the  oxide  of  lead, 
and  is  formed  by  the  union  of  the  oxygen  of  the  air  with  the 
melted  metal. 


QUESTIONS  FOB  EXAMINATION. 


How  is  the  fact  explained,  that 
pwter  is  better  tasted  wlien  drank 
fmoL  pewter  than  glass? — Can  you 
gire  some  account  of  the  rise  and  iMt>- 
gress  of  Galranlsm? — Can  the  expe- 
riments on  Galvanism  be  made  on 
animals  ireB«nllj*  — What  experi- 
ment is  made  with  the  zinc  and  silver  ? 
^Can  it  be  made  with  other  sub- 


stances?—  How  is  the  pnociple  d 
Qalvanism  explained  ?  —  What  sa^ 
stances  are  thoae  that  oondnct  the  Gsl* 
▼anic  floid?  —  How  ia  the  taste  a* 
dted  bj  Galvanism  aooounted  ibr?— 
In  this  case  what  change  does  the  metal 
undergo?  —  What  do  jon  mean  Iv 
oxidation? —  ninstrate  thto  ia  tfei 
case  of  mercury  and  lead. 


CONVERSATION  II. 

GALVAtnC   OR  VOLTAIC    LIOtlT,    ATTD    BHOCSS. 

Charlei.  We  had  a.  tasff  of  the  Gnlranic  fluid  je9terda7. 
la  ihere  no  way  of  seeing  it? 

Fa.  Put  this  piece  of  zinc  between  the  upper  lip  and  the 
gums,  33  high  aa  you  can,  and  thenlay  n  half-crown  or  guinea 
upon  the  tongue,  and,  when  so  situated,  bring  the  metuia  into 
contact. 

Ch.  I  thought  I  saw  a  faint  flash  of  light. 

Fa.  I  dare  say  you  did.  It  was  for  that  purpose  I  wialied 
you  to  make  the  experiment.  It  may  be  done  in  another 
way;  by  putting  a  piece  of  silver  up  one  of  the  nostrils,  and 
the  zinc  on  the  upper  part  of  the  tongue,  and  then  bringing 
the  metals  in  cont«et,  the  same  effect  will  be  produced. 

Ja.  My  continuing  the  contact  of  the  two  metals,  the  ap- 
pearance of  light  does  not  remain. 

Fa.  No;  it  is  visible  only  at  the  moment  of  contact.  You 
may,  if  yon  make  the  experiment  with  great  attention,  put  a 
small  slip  of  tin-foil  over  the  ball  of  one  eye,  and  hold  a  tea- 
spoon in  your  mouth,  and  when  the  spouit  and  the  tin  come  in 
cunUct  a  faint  light  will  be  visible.  These  experiments  are 
best  performed  in  the  dark. 

Ch.  Are  there  no  means  of  making  experiments  on  a  larger 
aeale? 

Fa.  Yes;  we  have  Galvanic  batteries,  as  well  a 
electrical  batteries.     Here  is  one  of  them.     It  con 
sisls  of  a  number  of  pieces  of  silver,  zinc,  and  flannel,  [ 
of  e<]tial  sizes,  and  they  are  thus  uranged:- 
piece  of  sine,  a  piece  of  silver,  and  ,i  piece  of  flannel, 
moistened  with  a  solution  of  salt  in  water;  and  ai 
I  in,  till  the  pile  b  completed.    To  prevent  the  pieces 
fi-om  falling,  they  are  supported  on  the  sides  bj  three 
rods  of  glass  stuck  into  a  piece  of  wood;  and  down 
these  rods  slides  another  piece  of  wood,  which  keeps  ■- 
.'ill  the  pieces  in  close  contact. 

Ja.  How  do  you  moke  use  of  this  instrument? 

Fa.  Touch  the  lower  piece  of  metal  with  one  hand,  and 
the  upper  one  with  the  other. 
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Ja.  I  felt  an  electric  shock. 

Fa,  And  you  maj  take  as  many  aa  you  please;  for  w  ote 
as  you  renew  the  contact,  so  often  will  you  feel  the  aliocL 

Here  is  a  different  apparatus.  In 
these  three  glasses  (and  I  might  use 
twenty  instead  of  three)  is  a  solution  of 
salt  and  water.  Into  each  glass,  except 
the  two  outer  ones,  is  plunged  a  small  y^g^  2^ 

plate  of  mnc,  and  another  of  silyer. 
These  plates  are  made  to  communicate  with  each  other  bj 
means  of  a  thin  wire,  fastened  so  that  the  sOver  of  the  M 
glass  is  connected  with  the  zinc  of  the  second;  the  silver  of  tk 
second  with  the  zinc  of  the  third ;  and  so  on.  Now,  if  you  4 
one  hand  into  the  first  glass,  and  the  other  into  tke  las^  th 
shock  will  be  felt. 

Ch,  Will  any  kind  of  glasses  answer  for  this  experiment? 

Fa,  Yes:  wine-glasses,  or  goblets,  or  finger-glasses;  and 
even  china  cups. 

A  third  kind  of  battery,  wjiich  is  very  powerful,  and  the  oat 
that  is  very  frequently  used,  is  this: — It  consists  of  a  trough 
of  baked  wood,  three  inches  deep,  and  about  the  same  in 
breadth.     In  the  sides  of  this  trough  are  grooves  opposite  t) 


Fig.  3. 
each  other,  and  about  a  quarter  of  an  inch  asunder.  Into 
each  pair  of  these  grooves  is  put  a  plate  of  zinc,  and  another 
of  silver,  which  are  cemented  in  such  a  manner  as  to  prevent 
any  communication  between  the  different  cells.  Tlie  cells  ait 
now  filled  with  a  solution  of  salt  and  water,  and  the  battexT 
is  complete.  Now  with  your  hands  make  a  conununicatioD 
between  the  two  end-cells. 

Ck,  I  felt  a  strong  shock. 

Fa,  Now  wet  your  hands,  and  join  your  left  with  James's 
right  hand;  then  put  your  right  hand  into  a  cell  at  one  eai 
and  let  James  put  his  left  into  the  opposite  one. 
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Ja.  We  both  felt  the  shock  like  an  electric  nhock,  but  Dot 
BO  severe . 

Fa.  Several  persona  may  receive  the  shock  together,  by 
joining  Imndg,  if  their  hands  are  well  moistened  with  water 
The  strength  of  the  shock  is  much  diminiaheO  by  passing 
through  BO  long  &  circuit.  The  shock  fi'om  a  battery  con- 
aisting  of  fifty  or  sixty  pairs  of  zinc  and  silver,  or  zinc  and 
copper,  may  be  felt  us  high  as  the  elbows.  And  if  five  or  six 
Bach  batteries  be  united  with  raelid  cramps,  the  combined  force 
of  the  shock  would  be  such  that  few  would  willingly  take  it  a 
second  time. 

CA.  Of  what  use  are  the  wires  at  each  end  of  the  trough? 

Fa.  With  these  a  variety  of  expcrimenia  may  be  ninde  upon 
combustible  bodies.  1  will  show  you  one  with  gunpowder: 
but  I  must  have  recourse  to  four  troughs  united  by  cramps. 
or  to  one  much  larger  than  ibis. 

Towards  the  ends  of  the  wires  are  two  pieces  of  glass  tubes. 
These  are  for  the  operator  to  hold  by,  while  he  directs  the 
wires.  Suppose,  now,  four  or  more  troughs  to  be  jnited. 
and  the  wire  to  be  at  the  two  extremities;  I  put  some  gun- 
powder on  a  piece  of  flat  glass,  and  then  holding  the  wires  by 
the  glass  tubes,  I  bring  the  ends  of  them  to  the  gunpowder; 
and,  just  before  they  touch,  the  gunpowder  will  be  ignited. 

Instead  of  gunpowder,  gold  and  silver  leaf  may  be  burnt 
in  this  way:  ether,  spirits  of  wine,  and  other  inflammabJe 
substances,  are  easily  fired  by  the  Galvanic  battery,  which 
will  consume  even  small  metallic  wires. 

Copper  or  brass  leaf,  commonly  called  Dutch  gold,  burnt 
with  a  beautiful  green  Hght;  silverwith  a  pale  blue  light,  and 
gold  with  a  yellowish  green  light. 

Ja.  Will  the  battery  continue  fo  act  any  great  lengthof  time? 

Fa.  The  action  of  all  these  kinds  of  batteries  is  the  ptrongest 
when  they  are  first  filled  with  the  fiuidj  and  it  declines  id 
proportion  ns  the  metals  are  oxidated,  or  the  fluid  loses  its 
power.  Of  course,  after  a  certain  time,  the  fluid  must  be 
changed  and  the  metals  cleaned,  either  with  sand,  or  by  im- 
niersiug  them  for  a  short  time  in  diluted  muriatic  acid.  The 
best  Iluid  to  fill  the  cells  with,  is  water  mixed  with  one  tenth 
of  nitric  acid.  Care  must  always  be  taken  to  wipe  quite  dry 
the  edges  of  the  plates,  to  prevent  a  communication  between 
the  cells:  and  it  will  be  found,  that  the  energy  of  the  battery 
is  in  proportion  to  the  rapidity  with  wliicli  the  zinc  is  oxidatsd. 
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Under  the  term  GaLvaiiim  are  ofbn  molndad  tte  pheoo- 
mena  of  the  Voliaic  battery. 

QUESTIOKS  FOB  EZAXnTATIOV. 

How  can  the  OalTHiie  flsld  oe  made  and  bj  wliat  umuu  ? — lawkatvif 
vMUe  P— Can  fo«  oqAalB  the  itHM- 
tareaBdwaortheOalranie  balterj? 
—  How  Is  it  made  to  operate?  —  £x- 
plain  the  11M  of  tlie  glaasea  reprefented 
kf  flg.  2. — Can  the  Oalraale  Aoek  be 
■iftde  to  pan  ttanMgh  aerwal 


Howli  gopowder  taflMMd  bf  ttt— 
Can  oth«  whetaneee  be  wuMtd* 
Under  what  dfoaaatanoea  doet  te 
Galvaniobatteqr  Mt  the  beat? 


CONVfiBSATION  IIL 

OALVAKIC  COKDUCTOSS — CUtCUBS — TABLES — EXPKBXKSim. 

Father.  Toa  know  that  eondmetan  of  the  eleetrie  Mi 

differ  from  each  other  in  their  conducting  power. 

Ck.  Yes:  the  metals  are  the  most  perfect  conductors;  thai 
charcoal;  afterwards  water  and  other  fluids. 

Fa,  In  Galvanism  we  call  the  former  dry  and  perfect  coo- 
doctors;  tliese  are  the  first  class:  the  latter,  or*  8coond  *>!•*», 
impetfect  conductors:  and  in  rendering  the  Galvanic  powv 
sensible,  the  combination  must  consist  of  three  ccnductors-cf 
the  different  classes. 

Jo,  Do  70U  mean  two  of  the  first  dass,  and  one  of  the 
aecond? 

Fa,  When  two  of  these  bodies  are  of  the  first  clasa,  and 
one  is  of  the  second,  the  combination  is  said  to  be  of  the  Jint 
order. 

Ch.  The  large  battery,  therefore,  which  70a  uaed  jester- 
day  was  of  the  ^first  order;  because  there  were  two  metal*— 
viz.,  zinc  and  silver,  and  one  fluid. 

Fa,  This  is  called  a  simple  Galvanic  circle :  the  two 
metals  touched  each  other  in  some  points;  and  at  other  points 
they  were  connected  by  the  fluid,  which  was  of  the  diflfeient 
class. 

Ja.  Will  you  give  us  an  example  of  the  second  order? 

Fa,  When  a  person  drinks  porter  from  a  pewter  veasd,  the 
moisture  of  his  under  lip  is  one  conductor  of  the  second  class; 
the  porter  is  the  other;  and  the  metal  is  the  third  boc^,  or 
conductor  of  the  first  class. 

Ck.  Which  are  the  most  powerful  Gralvanic  dxxdes? 

Fa.  They  aro  ihon^  q€  the  first  order,  where  two  solidb  cf 
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different  d^rees  of  oxidabilitj  are  oombined  with  a  fluid 
capable  of  oxidating  at  least  one  of  the  solids.  Thus  gold, 
silver,  and  water,  do  not  form  an  active  Galvanic  circle,  bnt 
it  will  become  active  if  ^  little  nitric  acid,  or  any  floid  deoom- 
posible  bj  silver,  be  mixed  with  the  water.  An  active  Gal- 
vanic circle  is  formed  of  zinc,  silver,  and  water,  because  the 
zinc  is  oxidated  by  water.  But  a  little  nitric  acid,  added  to 
the  water,  renders  the  combination  still  mare  active,  as  the 
acid  acts  upon  the  silver  and  the  zinc. 

The  most  powerful  Cralvanic  combinationfl  of  the  second 
order  are,  where  two  conductors  of  the  aeoond  class  have 
different  chemical  actions  on  the  conductors  of  the  first  class, 
at  the  same  time  that  they  act  upon  each  other.  Thus,  copper, 
silver,  or  lead,  with  a  solution  of  an  alkaline  sulphoret  and 
diluted  nitric  acid,  form  a  verj  active  Gralvanic  circle. 

I  will  now  show  jou  another  experiment,  which  is  to  be 
made  with  the  assistance  of  the  great  battery. 

A  Bexhibits  a  glass  tube  filled  with  distilled  water,  and 
having  a  cork  at  eadi  end.  a  and  B  are  two  pieces 
of  brass  wire,  which  are  brought  to  within  an  inch  or 
two  of  one  another  in  the  tube,  and  the  other  ends  are 
carried  to  the  battery — ^viz.,  a  to  what  is  called  the 
positive  end,  and  b  to  the  negative  end. 

Ja.  You  have,  then,  positive  and  negative  Gralvan- 
ism,  as  well  as  electricity? 

Fa.  Yes;  and  if  the  circuit  be  interrupted,  the  pro- 
cess will  not  go  on.     But  if  all  things  be  as  I  have 
just  described,  you  will  see  a  constant  stream  of  bub-     f%.  4. 
bles  of  gas  proceed  from  the  wire  b,  which  will  ascend 
to  the  upper  part  of  the  tube.     This  gas  is  found  to  be  hy- 
drop:en  or  infliammable  air. 

Ck.  How  is  that  ascertained? 

Fa.  By  bringing  a  candle  dose  to  the  opeoing,  when  I 
take  out  the  cwk  a,  the  gas  will  immediately  ignite.  Hie 
bubbles  which  proceed  from  the  wire  a  are  oxygen:  they 
accumulate  and  sludc  about  the  sides  of  the  tube. 

Ja.  How  is  this  experiment  explained? 

Fa.  The  water  is  decomposed  into  hydrogen  and  oxygen: 
the  hydrogen  is  separated  firom  the  water  by  the  wire  con- 
nected with  the  negative  extremity,  while  the  oxygen  unites 
with  and  oxidates  the  wire  connected  with  the  positive  end  of 
the  battery. 


4U2  QAi^rXstSMU 

If  I  coppflct  the  poritJTe  end  of  the  liMtlu  J  widilhftkwwr 
wire*  ttid  the  negatiTe  with  the  upper,  then  tiie  hj^tf 
piooeedi  fitmi  the  upper  wire,  end  the  lower  wire  le  ondehi 

KwiresofgdldorplatiiutbeQaed,  whidiereiiotoziffiHkhk 
then  a  ttream  of  gas  iaBoes  from  eadi»  which  mmj  he  eoDeetoA 
and  willhefoondtobeamixtoieof  hydrogeo  mdvKjgptu 

C3L  AretherenomeMiflofcolleetingtheeeflaidBeeianitelyf 
F(BU  Yes:  ineteedof  making  nee  of  the  tabe^ 
let  the  extremitieB  of  the  wires  which  proceed 
from  the  battery  be  inunened  in  water,  at  the 
distance  of  an  inch  fitmi  each  other:  then  aoa- 
pend  over  each  a  gkss  vend,  inTertod  and  fiodl 
of  water,  and  the  diftrent  lands  of  gas  will  be 
fiwmd  in  the  two  ghywes.  '^  * 

It  is  known  that  hydrogen  gas  reduces  the  Qzidea  of  meHb; 
tiiat  Is,  restores  them  to  tUr  metallic  state.  I^  therefore,  the 
tabe(fig.  4)  be  filled  with  a  solution  of  acetate  of  lead^  indis- 
tMled  water,  and  a  oommimication  i&  made  with  the  batteiy,  do 
gas  isffereeived  to  issue  from  the  wire^  which  proceeds  from  the 
negative  end  of  the  battery;  but  in  a  few  minutes  beaatifiil 
metallic  needles  may  be  seen  on  the  extremity  of  the  wire. 

Ja.  Is  this  the  1^  separated  from  the  fluid? 

Fa.  It  is:  and  you  perceive  it  in  a  perfect  metallic  state, 
and  very  brilliant  Let  the  operation  proceed,  and  these 
needles  will  assume  the  form  of  a  fern,  or  some  other  vegetable 

C%.  Can  other  metals  be  separated  in  this  way  ? 

Fa.  They  can,  and  a  knowledge  of  this  fact  has  become  of 
Tast  importance  in  the  arts.  For  by  attaching  objects  of  anj 
kind  which  are  conductors  of  electricity  to  the  n^ative  wire^ 
they  will  become  coated  with  the  metal.  In  this  manner 
most  of  our  forks,  spoons,  and  various  other  articles,  are 
plated,  or  coated  with  a  thin  layer  of  silver  or  gold.  Medab, 
seals,  plaster  of  Paris  casts,  and  various  other  article 
may  be  copied  by  this  process,  which  is  called  £leeirofype 
or  Electroplating.  The  object  to  be  coated,  is  first  cleaned, 
then  placed  in  a  vessel  containing  a  solution  of  sulphate 
of  copper,  being  supported  in  it  upon  a  flat  fold  of  the 
wire  coming  from  the  n^ative  plate  of  such  a  battery  as 
that  figured  at  page  548.  All  those  parts  which  are  not 
to  be  coated,  must  be  covered  with  wax,  varnish,  or  soom 
other  non-conducting  substance.     The  wire  ocmnected  with 


KXPERIMENT9.  553 

the  positive  pole  'u  attached  to  a  plate  of  copper  or  a  pieco 
of  platiaum  foil,  which  is  also  immersed  to  the  solalion 
of  copper.  When  the  coating  of  copper  thrown  down  upon 
tlie  medal  has  acquired  sufficient  thickness,  it  may  be  sepu- 
ritted  from  the  medal,  nnd  will  be  found  to  present  an 
exiict  copy  of  it,  even  the  most  delicate  lines  being  perfectly 
distintt. 

If  the  objects  are  to  be  coated  with  silver  or  gold,  a  solu- 
tion of  these  metals  must  of  course  be  substituted  for  the 
copper. 

CA,  But  supposing  I  wished  to  copy  a  plaster  of  Poris 
cast,  or  a  seal,  how  should  I  then  proceed  ? 

Fa.  Simply  by  rubbing  the  object  with  powdered  black 
lead  ;  this  will  render  it  a  conductor  of  electricity. 


» 


QUESTIONS  FOB  EX. 


OalTuitsni  dJTldcd^— To  m 
e  combliiiilon,  haw  i 
tonmuit  then  be?— V 


tn  Ihe  niNt  powerful  Giliuilc 
•AataUorieuliii 


CONVERSATION  IV. 

UIBCELLANEOUS    EXPeBlMEHTS. 

Father.  The  discoveries  of  Galvani  were  made  principally 
with  dead  firogs.  From  his  experiments,  and  many  others 
tbst  have  been  made  since  his  time,  it  appears  tlint  the  nerret 
of  animalt  may  be  affected  by  very  small  qt^antities  of  elec- 
tricity. Hence  limbs  of  animals,  properly  prepared,  have 
been  sometimes  employed  for  detecting  currents  of  Galvanic 
electricity. 

CA,  What  is  the  method  of  preparation? 

Pa.  I  have  been  cautious  in  mentioning  experiments  on 
uiimals,  teit  they  shouldlead you  to  trifle  with  their  sufTerings. 
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The  moidaf  of  a  firog  latdj  dead,  and  afciiwiad,  aqr  be 
bioaglit  into  actum  bj  meaiia  of  teiy  small  quantities  «C 
ooaunoD  eteotridtj. 

If  the  leg  of  a  frog  recently  dead  be  fn^^paned,  (dbat  li^ 
•eparated  from  the  rest  of  the  bodj.)  haTing  a  amaU  poctioa 
of  the  qpine  attached  to  it,  and  eo  litaated  that  a  litde  dee- 
tricity  may  pass  throagh  it,  the  1^  will  be  inetantlj  a&etai 
with  a  kind  of  qwemodie  oontraotioa,  enmetimea  ao  atraqgn 
to  caaee  it  to  leap  to  a  oounderaUe  dietanoe 

Similar  effects  may  be  prodnoed  in  the  limb  thna  ptependll 
by  only  making  a  oomm;micarinn  between,  the  nerrea  tad 
the  muscles  by  a  oondnoting  enbetaiiee,  Unas  in  an  aniad 
reoently  dead,  if  a  nerre  be  debuahed  from  the  amroaniiBg 
parts;  and  the  mnedee  eipoeed  which  depend  oa  thas  nerfei 
and  a  piece  of  metal  wire  toach  the  nenre  with  one  exCremitf, 
and  the  muscle  with  the  other,  the  limb  will  be  oonvulsed* 

Ch.  Is  it  necessary  that  the  communication  between  the 
nervo  and  the  muscle  should  be  made  with  a  conducting  sab- 
stance? 

Fa.  Tes:  for  if  sealing-wax,  or  glassy  &c,  be  need  insteed 
of  metals,  no  motion  will  be  produced. 

If  part  of  the  nerve  of  a  prepared  limb  be  wrapped  up  in 
a  slip  of  tin-foil,  or  be  laid  on  a  piece  of  zinc,  and  a  piece  of 
silver  be  laid  with  one  end  upon  the  muscle,  and  the  other  on 
the  tin  or  zinc,  the  motion  of  the  limb  wiU  be  very  violent. 

Here  are  two  wine-glasses  almost  full  of  water;  and  so 
near  to  each  other  as  barely  not  to  touch :  I  will  put  the  pre- 
pared limb  of  the  frog  into  one  glass,  and  lay  the  nerve, 
which  is  wrapped  up  in  tin-foil,  over  the  edges  of  the  two 
glasses^  so  that  the  tin  may  touch  the  water  of  the  glass  in 
which  the  limb  is  not.  If  I  now  form  a  metallic  communi- 
cation between  the  water  in  the  two  glasses,  as  by  a  pair  of 
sugar  tongs,  or  put  the  fingers  of  one  hand  into  the  water  of 
the  glass  that  contains  the  leg,  and  hold  a  pieoe  of  aUver  hi 
the  other,  so  as  to  touch  the  coating  of  the  nerves  with  it,  the 
limb  will  be  immediately  excited :  and  sometimefli  when  the 
experiment  is  well  made,  the  leg  will  even  jump  oat  of  the 
glass. 

Ja.  It  is  yery  surprising  that  such  motions  dnmld  be  pro- 
duced in  dead  animals. 

Fa,  They  may  be  exdted  also  in  living  oneSi    If  a  live 
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frog  he  placed  on  a  plnle  of  zinc,  having  a  slip  of  tin-fuil  upon 
its  b:ick,  and  a  commnnication  be  made  between  the  ziDi:  and 
tin-foil,  liy  a  piece  of  meial,  the  same  kind  of  contractions 
will  take  place. 

Ch.  Can  thia  experiment  be  made  without  injury  to  the 

Fa.  Yl-8  :  and  so  may  tlie  following: — Take  a  live  flounder 
■nd  dry  it  with  a  cloth,  and  then  put  it  in  a  pewter  plate,  or 
upon  a  large  piece  of  tin-foil,  and  place  a  piece  of  silver  on  its 
back:  now  make  a  communication  between  the  metals  with 
any  condacting  substance,  and  you  will  soon  see  the  con- 
tractions and  the  contortions  of  the  figh. 

Place  this  leech  on  a  crown  piece,  and  then,  in  its  endea- 
vour to  move  away,  let  it  touch  a  piece  of  zinc  with  its  mouth, 
and  you  will  see  it  instantly  recoil,  as  if  in  great  pain :  the 
BRme  thing  may  he  done  with  a  worm. 

It  U  believed  that  all  animals,  whether  small  or  great,  may 
be  affected,  in  some  such  manner,  by  Galvanism,  tiiough  in 
different  degrees. 

By  the  knowledge  already  obtained  in  thia  science,  the  fol- 
lowing effects  are  readily  explained. 

Pure  mercury  retains  its  metallic  splendour  daring  a  long 
time;  but  its  amalgam  is  soon  tarnished  or  oxidated. 

Ancient  inscriptions,  engraved  upon  pure  lead,  are  pre- 
served to  this  day;  whereas  some  medals  composed  of  lead 
and  tin  of  no  great  antiquity,  are  very  much  corroded. 

Works  of  metal,  the  parts  of  which  are  soldered  ti^ether 
by  other  metals,  soon  oxidize  about  the  parts  where  the  dif- 
ferent metals  are  joined;  and  there  are  persons  who  profess 
to  find  out  seams  in  brass  and  copper  vessels  by  the  tongue, 
I  which  the  eye  cannot  discover;  nnd  who  can,  by  this  method, 
[  £stioguish  the  base  mixtures   which  abound  in  gold  and 
flver  trinkets. 
When  the  copper  sheathing  of  ships  is  fastened  on  by  means 
I  «f  iron  nails,  those  nails,  and  particularly  the  eopper  itself,  are 
rvrj  quickly  corroded  about  the  place  of  contact. 

A  piece  of  zinc  may  be  kept  in  water  a  long  time,  without 
icarcely  oxidating  at  all ;  but  the  oxidation  takes  place  very 
loon  if  a  piece  of  silver  touch  the  zinc  while  remaining  in  the 
\  water. 

If  a  cup  made  of  zinc  or  tin  be  filled  with  water,  and  placed 
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upon  a  silver  tvoiler,  and  the  tip  of  Uie  tongue  be  appHed  ta 
the  water,  it  is  found  to  be  iasipii];  bat  if  the  waiter  be  held 
in  the  hand,  which  is  well  moistened  with  water,  and  tbc 
tongue  applied  as  before,  on  acid  ta£t<!  will  be  perceiFed. 

CA.  Is  that  owing  to  the  circuit  being  made  oomplete  bj 
the  wet  hand  ? 

Fa.  It  is.  Another  experiment  of  a  atmilar  kind  b  tine  fol- 
lowing : — If  a  tin  basin  be  filled  with  soap-suds,  lime-water, 
or  a  strong  ley,  and  then  the  basin  be  held  in  both  hands, 
moistened  with  pure  water,  while  the  tongue  is  applied  to  the 
fluid  in  the  basin,  an  acid  taste  will  be  sensibly  perceived, 
though  the  liquor  is  alkaline. 

From  thisshart  account  of  Gralvanism  it  may  be  inferred:— 

1.  That  it  appears  to  be  onl;  another  mode  of  "y^'tttpg 
electricity. 

2.  Gulvanic  electricity  is  produced  by  the  chemical  action 
of  bodies  upon  each  other. 

3.  The  oxidation  of  mcttils  appears  to  produce  it  in  grot 
quantities. 

4.  Galvanic  electricity  can  be  made  to  set  infiatnnuUs 
substances  on  fire,  to  oxidize  and  even  inflame  metala. 

5.  The  nerves  of  animals  are  easily  affected  by  it, 

6.  Galvanic  electricity  ie  conducted  by  the  same  eabstanoe* 
as  common  electricity. 

7.  ^Vhen  it  is  made  to  pass  through  an  aninial,  it  prodnCM 
a  sensation  resembling  the  electricnl  shock. 

It  must  also  be  recollected  that  electricities,  from  whatertf 
source  derived,  are  identical.  They  differ  merely  in  what  11 
called  their  tension  and  quantity.  You  may  rcadilj  under- 
stand what  is  meant  by  their  tension ;  for  if  I  charge  a  small 
I«yden  jar  with  a  certain  amount  of  electricity,  and  tbea 
charge  one  twice  as  large  with  the  same  amount,  on  dis- 
charging each,  the  spark  will  be  very  much  greater  in  tba 
former  than  in  the  latter,  on  account  of  its  being  distributed 
over  a  much  smaller  surface.  In  galvanic  electricity  we  have 
great  quantity,  but  little  tension  ;  in  frictional  electricity  «a 
have  great  tension,  but  little  quantity. 

QUKSTIONB  FOK  EXASUSATION. 

I  I  —Aft  -/iindaeiliw   tsbitanH*  »««» 
I  I  lary  tvr  IbfH  ctpcrtinFniii' — Tell  bh 
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ihii  Idnd^Uow  mtj  living  ani-  i 

ia  tine  qnicklf  taldlie 

p«riIn«I■ttamMd«^nth 

oftln-Bdrinc?— Wh. 

niUgiun  toon  oiia«l*cl?— Will  Usl-  | 

Willi  iMp-ind*?— Wlw 

duMd?  — WhBt  yield. 

L    mixed    metola    in  |  grtut    quiDtltiH?- 

lulckly  corroded?  —  How  Iibyc  some  ,  cITetW  doe«  it  produce? — Wlial  [inrCi 

pcraonipretendeillo  fludouttbfaeunB  o1  mnlmiili  »re  chlBay  jflected  by  (jol- 

In  bnn  ind  copper  leBKlI? — Why  [>  Tsnism? — By  whit  anbilincH  li  (bin 

the  copper  ilmthiDg  oa  itaip!!  hi  «oa  j   fluid  condacicdr>— Bon  doeg  it  aBbrt 

mroded  ? — DudCT  what  drcaiDilancei  ttie  uiIiiibI  frame  ? 


ELECTEO-VAGNETISM. 

C&.  Will  jou  tell  me,  papa,  something  about  electro-mag- 
netism? 

Fa.  With  pleasure ;  the  subject  is  a  most  interesting  one, 
ond  has  found  most  extensive  and  important  application. 
You  will  appreciate  this  remark  when  I  tell  you  that  upon 
liie  principlea  of  electro- magnetism  ia  baaed  the  wonderful 
Kleclric  Telegraph;  it  may  also  be  applied  to  clocks,  and 
would  undoubtedly  come  into  competition  with  steam,  as  or 
agent  for  setting  machinery  in  motion,  if  the  production  of 
the  electric  current  did  not  involve  such  ex]>ense.  I  will 
first  show  you  how  to  magnetise  a  body  by  an  electric  cur* 
rent.  If  you  wind  a  length  of  copper  wire  several  times 
around  a  pencil  or  a  rod  of  any  kind,  thus  making  a  coil  such 
aa  you  have  seen  attached  to  the  bell  in  the  kitchen,  next 
place  a  needle  or  piece  of  steel  inside  the  coil,  and  then  pass 
a  current  of  electricity  either  from  the  electric  machine  or  a 
galvanic  battery  through  the  coiled  wire,  you  will  convert 
the  needle  or  the  piece  of  steel  into  a  magnet. 

C/i.  Will  the  needle,  when  taken  out  of  the  coil,  affect 
the  compass,  or  point  to  the  north? 

Fa.  It  will,  if  it  consist  of  steel,  but  not  if  composed  of 
•oft  iron ;  for  the  latter  will  not  retain  magnetism,  as  you 
know,  whilst  steel  will  do  so, 

CA,  Con  you  aflect  a  compass  needle  by  a  current  of  elec- 
tricity passed  through  a  wire,  without  the  presence  of  another 
needle  capable  of  being  maguetised  ? 

Fa,  You  can,    K  you  hold  a  compass  needle  above  or 
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beneath,  but  pmllel  tis  a  etraiglit  lioriEOiital  win  ftnuDg 
one  of  the  poles  of  a  faeltei7»  yoo  win  find  the  needle  k 
mored  out  of  its  course.  But  yoa  will  eee  this  beHer  ly 
win^Kng  eome  copper  wire  into  a  fist  c(m1»  and  amuigiiig  tt 
as  shown  in  the  figure.  Upon  ddieslely  balancing  a  sm^m^ 
Ised  needle  within  the  coi!,  giTing  the  eoQ  a  polar  diieelici^ 
and  then  passing  an  electric  corrent  through  the  latter,  tis 
needle  wiU  be  &I1  more  tamed  fh»i  its  natnnd 
podtiony  or  deflected,  as  it  is  called.  Thia  moee 
interesting  experiment  was  first  made  by  Pro- 
fessor Ocffsted,  of  Copenhsgen,  and  forms  the  prineipls  d 
electro-msgoetism. 

C%.  Does  not  tlie  electrieity.ran  tiuroagh  the  portions  «f 
the  copper  wire  which  are  in  contact  ? 

Fa.  lliey  demand  it  is  an  important  point  to  take  can  Ait 
the  wire  be  spun  round  or  covered  with  cotton,  otherwise  ths 
dectridty  will  not  pass  throngh  the  whole  length  of  the  wire. 

6%.  Can  I  make  a  large  magnet  in  this  way  ? 

Fa,  You  can.  If  a  large  bfu-  of  soft  iron  be  bent  into  the 
shape  of  a  horseshoe,  and  some  of  the  covered  wire  be 
wound  many  times  around  it,  upon  passing  a  current  of  gal- 
vanic electricity  through  the  wire,  the  horse-shoe  will  become 
an  immensely  powerful  magoet;  if  the  battery  be  at  all 
strong,  it  may  be  made  to  support  some  hundred-weigbts, 
nay^  even  tons.  The  horse-shoe,  however,  loses  its  magnet- 
ism directly  the  current  is  broken,  and  the  weight  previously 
supported  falls  off. 

Ch.  I  do  not  find  that  the  coil  of  copper  wire  has  retained 
its  magnetism. 

Fa.  Certainly  not:  but  a  delicate  coil,  sodi  as  that  in 
which  we  first  placed  the  needle,  will  itself  take  the  direction 
of  a  magnet  if  carefully  poised,  so  as  to  be  able  to  move 
freely,  but  this  only  so  long  as  it  is  traversed  by  the  current ; 
and  if  two  coils  of  this  kind  be  approximated,  they  will 
attract  and  repel  each  other  like  common  magnets. 

Ck.  But  how  is  the  magnetism,  in  these  cases,  produced 
by  the  electricity  ? 

Fa,  It  arises  from  what  has  been  called  induction.  You 
have  seen  that  an  electric  current  is,  in  certain  cases,  aooooH 
panied  with  magnetic  currents ;  but  the  fact  is  applicaUe  to 
electric  currents  in  general— wherever  an  dectric  caneiit 
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exists,  there  are  ma°;necic  currents  al.w.  The  close  con- 
nexion between  electricity  and  magnetism  has  long  been  known: 
thus,  that  the  m^netism  of  a  compass-needle  in  a  ship  has 
been  deranged  or  disturbed  by  a  Hash  of  lightning  or  during 
a.  storm,  has  been  pointed  out  many  years  ago ;  and  the  most 
plausible  explanation  that  has  yet  been  given  of  these  pheno- 
mena is,  that  every  particle  of  a  magnet  is  surrounded  by  an 
electric  current  in  a  constant  state  of  circulation,  whilst  in 
nnmagnetized  iron  the  electricity  exists  also,  but  in  a  quies- 
cent slate.  Upon  approximating  a  piece  of  iron  or  steel  to  a 
magnet,  or  exposing  it  to  the  action  of  a  current  of  electricity, 
the  electric  equilibrium  is  disturbed,  the  above  minute  cur- 
rents are  set  in  motion,  or  induced,  and  thus  exhibit  visible 
effects.  You  recollect  that  the  magnetic  force  acts  in  a  direc- 
tion at  right  angles  to  the  current  in  the  conducting  wire  ;  I 
must  also  tell  yoa,  that  in  accordance  with  the  above  view, 
tlie  directions  of  the  currents  surrounding  the  two  poles  of  a 
magnet  are  different. 

CA.  But  can  electric  currents  be  caused  by  magnetism? 

Fa.  They  con.  If  a  bar  magnet  be  inserted  in  a  coil  of 
(wvered  wire,  such  as  we  have  alluded  to,  a  current  of  elec- 
tricity will  be  set  in  motion,  and  on  withdrawing  the  magnet 
another  current  will  move  in  the  opposite  direction.  Thia  is 
called  magneto- electricity ;  and  by  somewhat  varying  the 
form  of  the  apparatus,  by  making  larger  coils  rotate  rapidly 
near  the  poles  of  a  large  magnet,  powerful  currents  of  elec- 
tricity, capable  of  exhibiting  all  the  ordinary  effects,  may  be 
produced.  The  ncsi  time  we  go  to  the  Polytechnic  Instilu- 
^n  I  will  show  you  Clark's  magneto-electric  machine,  which 
is  a  very  powerful  instrument  of  this  kind. 

CA.  But  I  have  had  a  very  strong  shock  from  an  apparatus 
consisting  of  two  coils  of  wire. 

Fa.  I  have  no  doubt.  Secondary  or  induced  currents  may 
be  set  in  motion  in  another  way.  When  a  current  of  elec- 
tricity traverses  a  wire,  if  another  wire  be  placed  parallel 
vrith  this,  a  new  current  will  be  set  up  taking  an  opposite 
direction  to  the  former,  and  as  soon  as  the  primary  or  lirst 
enrrent  in  the  first  wire  is  interrupted,  by  breaking  the 
I  contact  with  the  Imtiery,  the  direction  of  a  secondary  current 
[^  ia  the  wire  is  reversed.  These  secondary  or  induced  cur- 
B,  which  are  Terjr  powerful  if  large  coils  of  wire  be  used« 


^  _  s  wlien  the  battety  b  not  tfraig. 

Bat  70a  BUl  neirflact  that  indaaed  anmnta  msj  b*  nt  n 
OT«u  if  tin  wire  timwgh  which  the  primer;  enmnt  iteiK 
pueBB  be  celled,  becaoee  here  egdn  we  here  the  wine  or 
retber  the  emled  portione  nuuiiiig  perallel-  the  re^nUli 
oondidoa  fyr  the  pradnctkn  of  ■econdeiy  currents. 

CSL  I  reetrilect  when  I  hed  n^  ihoA  that  it  wee  aocfc 
itronger  when  the  ber  of  iron  wee  iniened. 

Fa.  Certeinlr-  The  ber  is  ited(  ea  I  here  elreafy  Ao«n 
jran,  cepeUe  of  exciting  currenti^  which,  in  edditioa  to  Aoa 
existing  witiMmt  it,  most  engment  tlw  intensity  of  the  neaiK- 
deiy  cniTsate.  Bj  these  cnrrents  ell  the  orSntrj  efieets  if 
electrieitj  mmj  he  produced,  speric^  the  dwwsnpoultiuM  «f 
water,  h<k,  and  es  this  is  the  kind  of  deotridlj  genersi^ 
used  now  for  medicel  pnrpoeesi  I  shall  show  70D  how  the  uf- 
paiatas  is  arraiq^  It  also  illostrates  tcij  beaatifdQf 
several  jKunta  to  which  I  have  alluded,  ^repraeentaawoodea 


reel,  upon  which  two  coils  of  wire  are  wound.  The  first 
coil,  which  is  called  the  primary ^1,  takes  rather  a  circoitoai 
course,  but  which  is  csseotial  to  be  clearly  understood.  It 
commencea  at  the  binding-screw  b,  ie  wound  around  the  reel, 
and,  leaving  this,  follows  the  course  of  the  dotted  line  beneath 
the  stand  to  reach  the  right-hand  column,  to  the  bottom  of  which 
It  ia  soldered.  Another  portion  of  the  same  wire  is  soldered  to 
the  buitom  of  the  other  column  next  the  reel ;  it  then  passea 
tu  the  horse-shoe,  is  wound  around  this,  and  leaving  it,  passes 
directly  to  the  binding-screw  a.  The  other,  or  secondtrj 
coil,  is  composed  of  much  thinner  wire,  and  is  considerably 
longer.  Its  ends  pass  directly  from  the  reel  to  the  binding- 
screws  d,  e.     There  is  a  keei^r  to  the  horse-sho^  connected 
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to  the  column  by  a  flat  piece  of  steel,  and  the  point  of  the 
screw  e,  re-sts  upon  ttiis.  Now  when  the  poles  of  the  battery 
ore  connected  with  the  two  ends  of  the  primnry  coil,  by 
inscrlion  in  the  binding-screw  a  a.  It,  the  current  of  electricity 
follows  the  course  of  the  dotted  line,  and  on  passing  through 
the  coil  surrounding  the  horse-shoe,  it  converts  this  into  a 
tempoi-ary  mngnet,  which  consequently  attracts  the  keeper, 
and  withdraws  it  from  contact  with  the  point  of  the  screw  e. 
Thus  the  course  of  the  current  is  interrupted,  whereby  the 
borse-shoe  loses  its  magnetisni,  and  ceasing  to  attract  the 
keeper,  this  is  carried  back  by  the  steel  spring,  until  the  latter 
again  cornea  into  contact  with  c,  when  the  current  is  again 
transmitied.  Each  time  the  passage  of  the  primary  current 
is  interrupted,  a  secondary  current  is  transmitted  through 
the  secondary  coil;  and  if  two  wires  with  handles  be  inserted 
in  the  binding-screws  d,  e,  »  shock  is  experienced  every  time 
the  connexion  is  broken.  The  centre  of  the  reel  is  hollow, 
and  contains  n  bundlu  of  iron  wires,  by  the  removal  or  inser- 
tion of  which,  the  strength  of  the  shock  may  be  diminished 
or  increased  at  pleasure, 

Cli.  Can  the  magnetism  of  the  earth  be  accounted  for  by 
electricity  ? 

Fa,  Tou  have  anticipated  me  in  this  very  sensible  ques- 
tion. For  the  most  plausible  explanation  that  can  be  given 
of  the  magnetism  of  our  earth  consists  in  attributing  it  to 
this  cause ;  and  we  have  sufficient  evidence  of  the  existence 
of  electric  currents  circulating  around  the  earth,  to  account 
for  it.  You  know  that  the  sun,  in  its  diurnal  motion,  follows 
the  ecliptic,  which  does  not  coincide  with  the  equator,  as  we 
have  already  seen-  Now  it  will  not  appear  to  you  improbable 
that  the  sun  in  its  course,  by  unequally  heating  the  earth's 
sarfuce,  will  disturb  the  electric  equilibrium,  and  various 
electric  currents  will  be  produced  maiuly  in  the  direction  of 
the  ecliptic.  _  Hence  we  see  that  the  magnetic  equilibrium 
must  also  be  'disturbed,  and  magnetic  currents  be  also  set  in 
TOotion,  the  magnetic  force  ai^ting  at  right  angles  to  the  elec- 
tric currents. 

Ch.  Could  I  then  make  a  globe  shoiving  the  manner  in 
which  the  magnetism  of  the  earth  is  produced? 

Fa.  Tou  can.  By  coiling  covered  copper  wire  around  » 
Bvuoden  sphere,  and  connecting  the  ends  of  the  coil  with  the 


562 


DIAXAOirSTIIII. 


poles  of  a  battorj,  on  applying  a  delicatelj  aopported  little 
magnet  to  Tarioiis  parts  of  the  sphere^  the  Tariaidons  of  the 
needle  and  its  dip  will  be  found  to  coincide  with  those 
occnrring  upon  the  earth. 

QUESTIONS  FOR  SXAMnrAnON. 


i  body  be  BttgiMttaed  bf 
eleetiicity?— What  U  the  diflerenee 
between  a  piece  of  steel  and  of  soft 

lwmwh«ithnimaffwtt»<^^  Sliowme 
that  a  magnetic  needle  oan  be  deflected 
by  the  poles  of  a  battery,  and  explain 
the  meaning  of  deflection  f — What  Is 
llie  nie  of  covering  conducting  wires 
with  cotton? — How  would  yon  coorert 
a  large  bar  of  soft  iron  into  a  temporary 
magnet  ?~How  can  a  eoQ  of  copper 
wire  be  made  to  aMBffle  apolardino- 


tioii?*What  is  tiM  wamnOmg  ortedas- 
tiom? — Uow  can  eleedrie  cnrrcnts  he 
caused  by  magnetism^ — What  is  msg- 
neio-electridty  F^Wtaat  is  meant  by  a 
fecondsryeoU;  alsob*  seeoadarycs- 
rent? — Explain  the  action  of  tlie  sf- 
paratns  flgmvd  at  page  (60  ?— Howcm 
the  magnerism  of  the  eotk  be 
plained  ? — How  wonld  yoa 
globe  representing  the 
capable  of  exhifaltlBS 
andpolaittjP 


ON   niAMAGNETISIC. 

Fa.  I  shall  now  say  a  few  words  to  you  in  r^ard  to  dia- 
magnetism  ;  a  new  magnetic  property  of  bodies  which  was 
discovered  by  Dr.  Faraday  in  1845. 

Ch,  How  does  diamagnetism  differ  from  magnetism  ? 

Fa,  You  recollect  my  showing  you  how  an  electro-magnet, 
like  a  common  load-stone  or  magnet,  attracted  magnetic 
bodies  ;  just  the  opposite  occurs  when  diamagnetic  substances 
are  presented  to  an  electro-magnet,  for  they  are  all  repelled 
by  it,  and  it  appears  that  almost  fdl  bodies  are  either  mag- 
netic or  diamagnetic. 

Ch.  Will  you  mention  some  diamagnetic  substances,  papa? 

Fa,  Bismuth,  antimony,  tin,  phosphorus,  and  flint  glass, 
are  strong  bodies  of  this  class;  whilst  water,  ether,  and 
spirit,  possess  the  property  to  a  less  degree ;  and  it  has  been 
found,  that  by  mixing  magnetic  with  diamagnetic  bodies, 
their  distinctive  properties  may  be  neutralized. 

As  this  most  interesting  subject  is  still  undergoing  inves- 
tigation, I  shall  postpone,  for  the  present,  attempting  to  give 
you  any  explanation  of  the  phenomena. 


QUESTIONS  FOR  EXAMINATION. 

How  does  diamagnetism  dilfar  from  magnetism  ?—>Mentioii 
aeticstthetanoes? 


tooie  diama^ 


ON  THE  DOUBLE  REFRACTION  AND 
POLARIZATION  OF  LIGHT. 

Fa.  In  Conversation  HI.,  we  considered  the  ordinnrv 
reFraction  of  light,  and  the  Inws  to  which  it  is  subject.  Bnt 
in  pa^jsing  through  many  bodies,  light  ouffere  a  further 
chaoge  than  that  merely  of  direction,  being  split  or  separ&led 
into  two  equal  rajs,  or  doubly  refracted,  as  it  is  called. 

Ch.  How  can  we  see  this? 

Fa.  It  is  most  reodily  seen  in  a  crystal  of  calcareons  spar. 
This  beautiful  mineral  crystidliEes  in  obtuse  rhomboids ;  and 
if  ive  take  one  of  them,  und  look  through  it  at  a  piece  of 
black  paper  with  a  hole  in  it,  we  shall  see  two  holes  instead 
of  one :  or  if  the  crystal  be  placed  over  some  print,  two  sets 
of  letters  will  be  seen,  instead  of  the  single  set  seen  when 
print  is  looked  at  through  glass.     Thus,  the  pencil  of  rays  of 
light  admitted  through  the  hole  in  the  paper  is 
resolved  into  two  other  pencils,  one  of  which  follows      }~^:^ 
the  ordinary  course,  and  is  callwl  the  ordinary   f*^T^» 
ray ;  the  other  takes  a  different  course,  and  is  called  /   -j\  J 
the  extraordinary  ray,     TTiis  is  represented  in  thcti^--^ 
figure,  in  which  r  rcpreiierils  the  light  ns  it  is  entering  the 
crystal,  o  the  ordinary,  and  e  the  extraordinary  ray. 

Ch.  Is  this  effect  produced  in  whatever  direction  we  look 
through  the  crj-sial? 

Fa.  No.  In  all  doubly- refracting  bodies,  there  are  one  or 
more  directions  ia  which  lhcr«  is  no  double  refraction. 
Crystals  in  whicii  only  one  such  direction  exists  are  said  to 
have  one  axis  of  double  refraction ;  those  in  which  two  exist, 
two  axee,  and  so  on. 

Ch.  Is  the  light  altered  in  any  way  by  this  curious  doable 
refraction  ? 

Fa.  It  is ;  and  the  two  rays  possess  very  remarkable  pro- 
perties. Thus,  if  they  be  viewed  throuj;h  a  second  crystal  of 
cftlcareous  spar,  placed  in  exactly  the  same  manner  as  the 
first,  but  above  it,  they  will  both  be  distinct ;  but  on  turning 
the  second  crj'stal  round  between  the  finger  and  thamb,  the 
two  rays  which  were  Kt  first  visible  will  gradually  disa^feor, 
oo3 
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and  two  others  will  come  into  Tiew.  On  oontinning  the 
rotation  of  the  second  crystal,  the  two  last  produced  will  also 
disappear,  and  the  two  first  be  again  seen.  This  disappear* 
ance  and  reappearance  is  found  to  take  place  at  each  quarter 
of  a  revolution  of  the  second  crystaL 

Ch.  What  is  light  thus  altered  called? 

Fa,  It  is  said  to  be  polarized;  having,  as  it  were,  acquired 
ndes,  the  opposite  properties  of  the  different  sides  being  sop- 
posed  to  b^  some  analogy  to  the  opposite  properties  of  the 
different  poles  of  a  magnet  According  to  the  undulatoiy 
theory,  the  particles  of  polarized  light  are  supposed  to  undo- 
late  in  one  plane ;  whilst,  in  common  light,  the  phmes  of 
undulation  are  in  all  directions. 

Ch.  Can  light  be  polarized  by  any  other  means  tbaa 
passing  through  calcareous  spar? 

Fa,  Yes;  by  reflection  from. the  surface  of  bodies  at  the 
proper  angle,  which  varies  according  to  the  nature  of  tho 
bodies ;  also  by  refraction  through  plates  of  glass.  Some 
bodies  doubly  refract  and  polarize  light,  but  absorb  one  set 
of  the  rays.  A  very  useful  body  of  this  kind  is  the  mineral 
called  tourmaline ;  and  thin  slices  of  this,  cut  parallel  to 
the  axis  or  length  of  the  crystal,  are  very  frequently  used  for 
polarizing  light. 

Ch,  How  does  the  hole  in  the  paper  appear  through  a 
plate  of  tourmaline  ? 

Feu  We  see  only  one  image  of  it ;  and  on  turning  round 
the  plate  in  the  same  manner  as  we  did  the  second  crystal  of 
calcareous  spar,  one  of  the  images  vanishes  at  each  qo:irter 
of  a  revolution. 

Ch.  And  how  do  substances  produce  this  polarization  of 
the  rays  of  light  ? 

Fa,  The  intimate  nature  of  the  process  is  unknown,  but 
it  may  be  represejited  by  supposing — as  in  the  tourmaline,  for 
instance — the  existence  of  a  structure  which  would  act  like  a 
grating,  as  at  5,  flg.  3.  When  the  plane  in  which  the  undu- 
lations move  is  parallel  to  the  direction  of  the  bars  of  the 
grating,  the  rays  will  pass ;  but  when  it  is  not,  they  will  be 
obstructed  in  their  passage.  Now,  supposing  the  dots  to  rs- 
present  the  particles  of  light  moving  in  the  pi^.  i. 

plane  c:  on  presenting  these  to  the  tourma-  r'777^*"''"^ — H 
line,  the  rays  will  pass  through  it;  but  on  CL^^-dl^Xl^ 
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rotating  the  tourmaline,  they  will  be  obatrncted.     Now,  in 

doubly  refracted  light    both   the  rays    ; 

polarized,  but  the  undulations  an 

at  right  angles  to  each  other  aa  in  lig. 

BO  that  one  set  only  will  pass  through  the 

crystal  at  each  quarter  of  a  revolution. 

Ck.  I  have  beard  of  colours  being  produced  by  polarised 
light:  how  is  this  done? 

Fn.  Colours  are  seen  when  doubly- refracting  crystals  or 
substances  are  placed  between  the  two  crystab  of  calcareous 
spar,  or  two  plates  of  tourmaline ;  and  these  colours  are  ot 
the  most  beautiful  and  vivid  kind ;  but  the  manner  in  which 
they  are  produced  is  difficult  to  be  understood,  and  will  re- 
quire your  greatest  attention.  In  all  esperimenta  with 
polarized  light,  the  first  doubly -refracting  or  polarising 
crystal — that  placed  beneath  the  body  to  produce  the  colour 
— is  called  the  polarizer,  because  it  polarizes  the  light ;  whilst 
the  other  crystal  or  plate  of  tourmaline  is  called  the  analyzer, 
because  it  analyzes  or  tests  the  light  as  polarized  by  the  first. 
Now  let  us  take  a  tourmaline,  a  thin  plate  of  selenite,  or  any 
other  doubly -refracting  crystalline  aubstance,  and  a  crystal 
of  calcareous  spar  as  an  analyzer.  On  holding  these  to  the 
light,  the  plate  of  selenite  presents  the  moat  goi^eous  colours, 
which  vary  with  each  quarter  revolution  of  the  analyzer,  the 
colours  seen  during  one  quarter  of  a  revolution  being  comple- 
mentary to  those  of  the  next ;  and  1  must  tell  you,  that  by 
complementary  colours  is  signified  such  as  are  required  to  be 
mixed  with  any  other  colour  to  convert  such  colour  into 
white;  thus,  red  ia  complementary  to  green,  yellow  to  deep 
violet-blue,  &c.     The  accompaujring  diagram  exhibits  tha 


Brari' 


ions  ciyatols,  and  gives  a  notion  of  the  changes  nndergone 
__  the  light,  a  represents  a  ray  of  light  entering  i,  the 
polarizer,  by  which  it  is  polarized,  or  all  those  undulations  in 
it  which  are  not  in  one  plane  obstructed ;  it  passes  on  to  tt, 
the  plate  of  eelenite,  which  doubly  refracts  this  polarized 
light — i. «.,  it  resolves  it  into  two  sets  of  rays,  the  ordinary 
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utd  extnofdiBarT;  o  and  b,  polarbed  in  ^imes  at  right  angles 
to  each  other.  Now  the  extraordinary  raja  take  a  longer 
coarse  in  the  plate  than  the  ordinarj ;  and  on  their  emer- 
gence^ the  undulations  do  not  coiiicide»  or  are  not  in  the  same 
state  of  vibration,  one  set  being  half  an  andulation  behind  the 
other.  On  entering  the  analjser,^  each  of  these  sets  ia 
again  raohred  into  two  others^  making  foor  in  all,  which  are 
in  two  planes — L  e.,  two  in  one  plane,  and  two  in  another ; 
and  as  the  yibrations  or  ondnlations  in  the  same  plane  do  not 
eotnctde^  one  set  having  been  retarded,  the  undolations 
interfere  and  produce  coloor,  as  we  explained  in  a  former 
eonvo^ition.  If  the  analyzer  be,  as  we  have  supposed,  a 
crystal  of  cakareons  spar,  both  sets  of  coloarB  which  ars 
complementary  to  eadi  other  will  be  seen  at  the  same  tiiae, 
and  will  vary  as  the  analyser  is  rotated;  whilst,  if  the 
analyzer  consist  of  a  toarmaline,  the  complementary  tints  wiH 
be  seen  singly  and  alternately  as  the  rotation  is  made.  The 
colours  prod  need  will  vary  according  to  the  thickness  of  the 
plate,  but  they  most  always  be  complementary. 

If  a  section  of  any  doubly-refracting  crystal,  made  at  right 
angles  to  its  refractive  axis  or  axes,  be  substituted  for  the  pbte 
of  selenite,  a  black  cross  and  one  or  more  sets  of  coloured  finzs 
will  be  seen,  presenting  a  most  beautiful  appearance,  the  bkck 
cross  arising  from  the  light  not  being  doubly  refracted  at  this 
part ;  and  as  the  analyzer  is  rotated,  the  cross  will  become 
white  for  the  same  reason. 

The  phenomena  presented  by  the  action  of  polarized 
light  upon  bodies  are  of  the  most  interesting  kind;  the 
beauty  and  variety  of  the  tints,  the  r^nlarity  of  th&t 
arrangement  around  tlie  axes  of  crystals,  and  the  change! 
they  undergo,  are  such  as  to  render  this  the  most  inte- 
resting branch  of  optics. 


QUESTIONS  FOR 

"What  is  meant  by  doable  refraction  ? 
— How  may  this  be  sliown? — >Vhat  is 
meant  by  an  axis  of  double  refraction  ? 
— What  ii  meant  by  polarized  light? 
— How  can  yon  show  that  light  is 
polanzed  ?»— What  is  the  difference  as 
regards  the  planes  of  undulation,  be- 
tween  common  and  polarized  light  ? — 
Wbat  other  methods  are  there  of  po> 
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larizing  light,  besides  doable  refraction? 
— Give  me  an  idea  of  the  action  of  U» 
toormaline  upon  polarised  light? — Uo« 
are  colours  produced  by  polarized  lightt 
— What  is  meant  by  a  jpcAmriier.  and 
an  analyzer  ?— What  is  meast  by  con- 
plementary  colour  ? — Explain  the  dif- 
ference between  an  ordinary  and  el* 
traordinary  ray  ? 


ADDITIONAL  CONVERSATION. 


OECENT  DISCOVBBIES. 


Fa.  Before  we  part  this  evening,  I  propose  to  notice  a  few 
flubjects  which  are  either  compvatively  new,  or  have  become 
important  from  their  novel  application  to  the  arts  of  life. 
I  may  fii'st  enumerate  them;  they  are,  the  Rotation  of  the 
£aiib  as  shown  by  the  pendulum,  the  Screw-propeller,  the 
Electric  Telegraph,  ttie  Aneroid  Barometer,  and  the  Stereo- 
scope. 

Ch.  I  shall  be  delighted  to  bear  your  explanations,  father; 
for  I  have  Lenrd  a  great  deal  about  the  sere w- propeller,  aad 
the  electric  telegraph,  and  Lave  seen  the  stereoscope,  but 
have  failed  to  understand  the  principles  upon  which  they 
act. 

Fa.  Well,  we  will  consider  them  in  order,  and  begin  with 
the  Rotation  of  the  Earth. 

Ch.  I  recollect  your  telling  us  that  the  earth  performed 
two  motions  of  rotation,  one  upon  its  axis,  and  called  the 
diurnal  motion  or  rotation  ;  the  other  around  the  sun,  called 
its  annual  motion,  and  giving  rise  to  the  seasons. 

Fa.  True ;  but  the  rotation  I  now  wish  to  speak  of  is  the 
former,  or  the  diurnal  rotation  of  the  earth  upon  its  axis, 
producing  day  and  night.  You  will  remember  that  the  evi- 
dence of  this  rested  principally  upon  the  apparent  motion  of 
the  sun  and  stars.  But  n  novel  experiment  hss  been  devised 
by  M.  Foucault,  a  French  philosopher,  showing  this  rota- 
tion by  means  of  a  pendulum.  This  consists  of  a  metallic 
hnll  sui^pended  from  the  ceiling  of  a  high  room ;  and  the  success 
of  the  experiment  depends  upon  the  fact  that  on  luovitig  the 
point  of  suspension  of  a  vibrating  pendulum,  the  direction  of 
its  motion  is  not  interfered  with.  When  the  pendulum  ia 
made  to  vibrate  in  the  meridion,  if  a  line  be  drawn  upon  the 
floor  GO  as  to  coincide  with  this  direction,  in  a  short  time  tlie 
direction  of  the  vibrating  pendulum  will  be  found  not  to 
coincide  as  it  did  at  drst  with  the  line^  but  to  form  an  angle 
with   it.    The    reason   of  this   is,   that  during  the  con- 
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tinnanee  of  tbe  vibration  of  the  pendalnm,  the  eaitii  bas 
rotated  beneath  it,  carrying  vilh  it  the  line,  and  so  aa  it  were, 
left  the  pendnlom  behind. 

Ch.  This  is,  indeed,  a  veiy  ingenioos  and  conclnriTe  expe- 
riment. 

Will  you  nest  tell  ua  about  the  Screw-propeller,  of  which 
we  have  heard  so  mnch  lately.  Are  not  the  war-ships  now 
provided  with  this  contrivance  ? 

Fa.  They  are  so,  and  perhaps  one  of  tbe  most  importaot 
nses  of  the  screw  is  for  war-ships,  because  it  is  not  expoeei'i 
to  the  shot  of  the  enemy. 

CA.  Where  is  the  screw  placed?  I  saw  a  screw-steamer 
in  the  Thames  one  day,  but  I  could  not  perceive  the 
means  by  which  it  was  moved,  for  there  were  no  paddle- 
wheels. 

Fa.  The  screw  is  situated  in  a  quadrangular  opening 
between  the  lower  and  fore  part  of  the 
rudder  nnd  the  lower  and  twick  partof 
the  keel,  so  that  it  is  invisible  when 
the  ship  is  in  tlw  water.  It  lies  hori- 
zontally, or  nearly  so,  and  parallel  ' 
with  the  keel  of  the  ship.  The  form  J 
of  screw  used  is  not  always  the  same.  1 
The  fiimpli'st  is  that  of  an  ordinary  r 
screw,  with  a  very  broad  thread.  : 
This  form,  however,  is  not  often  used  i — 
now  ;  but  one  in  which  the  broad  tliread  is  cut  away,  except- 
ing two  or  sometimes  three  radial  portions,  ns  they  might  be 
called  ;  anil  the  correspondence  of  these  portions,  which  are 
called  blades,  with  parts  of  a  screw  might  be  easily  over- 
looked. 

CA.  But  how  does  the  screw  act,  and  by  what  is  it  moved  ? 

Fa.  The  source  of  motion  is  a  steam-engine,  which  rolates 
with  rapidity  t'.-.t  ssis  or  cylinder  of  the  screw  ;  the  tendency 
of  this  i-omiion  is  to  drive  the  water  backwards,  and  in  om- 
sequence  of  the  cori-espc>nding  reaction,  to  urge  forwards  the 
screw  nnd  lliu  vessel,  which  may  be  considered  as  one. 
When  the  screw  revolves  in  the  opposite  direction,  so  as  to 
tend  to  drive  the  water  forwards,  the  boat  will  be  ui^ed 
backwards. 

Ck.  The  third  subject  on  your  list  is  the  Electric  Tele- 
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graph.  I  recollect  your  telling  me  that  the  principles  upon 
which  the  electric  telegrnph  was  based  were  those  of  electi'o- 
mngnetism,  but  I  cnnnot  comprehend  bow  words  can  bo 
conveyed  by  electro-magnetism,  or  by  wires. 

Fa.  I  dare  say  not ;  but  I  think  this  difficulty  may  soon  be 
got  over.  It  need  scai'cely  be  told  you  that  the  wires  merely 
convey  an  electric  current,  and  not  sounds.  The  words  ore 
conveyed  by  signs  mutually  agreed  upon  before-hand  by  the 
persons  stationed  at  each  end  of  the  wires;  and  these;  sign<t 
consist  of  deflexictns  of  a  magnetic  needle  produced  by  the 
electric  current. 

Ch.  1  begin  now  to  have  some  idea  of  the  manner  ia 
which  the  communication  might  take  place.  For  it  ia  evi- 
dent that  if  each  letter  of  the  alphabet  were  signified  by  a 
certain  number  of  deflections  of  the  needle,  there  would  be 
no  difficulty  in  the  matter. 

Fa.  You  are  quite  correct;  and  the  plan  you  have 
suggested  is  that  usually  adopted.  But  the  process  has  been 
much  simplified  and  abbreviated  by  attention  to  certain 
circumstances.  Thus,  the  deflection  of  a  magnetic  needle 
varies  according  to  the  direction  in  which  the  current  of 
electricity  passes  through  the  coil  of  wire,  and  by  changing 
this  direction,  the  needle  may  be  deflected  to  the  right  or  the 
left  at  will.  Hence,  two  distinct  signs  may  bo  made  with  a 
single  needle.  Again,  by  using  a  number  of  needles  and 
wires,  which  can  be  worked  simultaneously,  the  communica- 
tion is  still  further  simplilied. 

Ch.  Are  there  then  half  as  many  needles  in  use  as  there 
are  connecting  wires  ? 

Fa.  No ;  the  returning  electric  currant  is  conveyed  by  the 
earth,  which  has  been  found  to  answer  the  purpose  sufficiently 
■well,  so  that  each  of  the  wires  which  you  see  on  the  side  of  a 
IBJiway  belongs  to  a  single  needle. 

Ch,  But  how  are  tlie  currents  conveyed  across  the  sea  ? 

Fa,  By  wires,  aa  on  the  land.  The  great  difficulty  to  be 
I'  overcome  consisted  in  insulating  the  wires  when  immersed  in 
\'Vt  good  a  conductor  as  water.  This  has  been  eflected  by 
F  snclosing  them  in  tubes  made  of  gutta  percha,  which  is  a  very 
.  bad  conductor  of  electricity,  and  possesses  the  valuable  pro- 
]perty  of  being  easily  moulded  or  its  surfaces  united  by 
~-ui8  of  beat.    Long  tubes  of  this  substance  eaclosing  the 
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wires  are  kid  vpoo  tlie  bottooi  of  tiie  n%  and  eKtend  from 
one  Ud^prmph-eUtion  to  tke  next. 

Gft.  Thai  I  wippote  the! the  pieee«of  glaiB  end  cnrtlienwMa 
bj  which  the  wires  ere  lopported  upon  the  poles  at  Ae  ode 
of  the  raiiway-lines  also  act  as  iniwilrtnra. 

Fa,  EzactI  J  ao ;  if  theee  were  abeent,  when  the  pola 
became  wet,  the  electric  corrent  woolddeMsend  the  poles,  and 
retani  bj  the  earth,  and  so  the  eommanieation  with  the  dii- 
tant  station  would  be  intexrapted. 

Ck.  Bat  it  mdst  be  Tcrj  fatigidng  for  anj  one  tc  sit  aad 
watch  constantij  whether  the  needle  or  miss,  band  of  the 
telegraph  moves  <»*  not. 

Fa,  This  would  certainly  form  a  difficulty  ;  for  whilst  the 
attention  of  the  telegraph-worfcer  were  withdrawn  for  efcn 
a  short  period,  several  of  the  signals,  denoting  letters  and 
words,  might  have  been  made  and  not  seen.  This  is  obviated 
by  the  attention  being  drawn  when  the  signals  are  aboat  to 
be  made  by  the  ringing  of  a  little  bdl,  which  is  instantly 
heard  bv  an  attendant. 

Ck,  But  how  is  this  effected  ? 

Fa.  By  means  of  an  electro-magnet  I  told  you  in  a 
former  Conversation,  that  a  piece  of  soft  iron  surrounded  by 
a  coil  of  wire  through  which  a  current  of  electricity  is  passed, 
becomes  temporarily  magnetic ;  hence,  if  the  piece  of  iron 
were  in  the  form  of  a  common  horse-shoe  magnet,  for  instance, 
and  the  keeper  were  connected  with  a  little  bell,  either  by 
means  of  a  lever  or  in  some  other  way,  as  soon  as  the  current 
was  transmitted  through  the  wire  the  magnet  would  attract 
the  keeper  and  set  the  bell  in  motion.  As  soon  as  the 
worker  of  the  telegraph  has  heard  the  bell,  and  is  ready  to 
attend  to  the  signals,  be  rings  by  the  same  means  at  the  dis- 
tant station  to  -signify  that  this  is  the  case.  Various 
modifications  of  the  electric  telegraph  are  in  use  at 
different  places,  to  enter  into  which,  we  have  not  at  present 
time  ;  but  I  hope  enough  has  been  said  to  render  intelligible 
to  you  the  general  principles  upon  which  they  are  based. 

Ch,  Will  you  now  explain  to  me  the  manner  in  which  the 
Stereoscope  produces  such  remarkably  deceptive  appearances, 
for  they  seem  to  me  very  puzzling  ? 

Fa,  Certainly  ;  and  in  so  doing  I  must  recal  to  your 
mind  what  I  said  in  a  f<Hiner  Conversation  regarding  the 
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manner  in  which  the  inlerpretations  of  the  impressions  made 
upun  the  eye  are  controlled  by  experience  ;  and  when  thin 
experittoce  hsB  Dot  been  obtained,  the  (dimple  sense  of  sight 
is  very  deceptive  as  to  the  form  and  distance  of  objects.  So 
much  so,  that  in  certain  instances  which  have  occurred  of 
perjiona  born  blind,  and  whose  sight  has  been  subsequently 
restored  when  their  reason  has  become  matured,  the  most 
erroneous  ideas  hare  been  entertiiined  as  to  the  form  and  dis- 
tance of  cbjects ;  (bus,  the  latter,  although  distant.  Lave 
appeared  to  be  close  to  the  eye,  and  it  was  found  inposgible 
to  decide  whether  the  sense  of  touch  or  of  sight  was  to  be 
trusted  in  determining  the  form  of  objects.  And  in  certain 
engravings  in  which  the  shadows  which  would  have  been 
formed  by  the  figures  were  very  exactly  represented,  the 
idea  liu.i  been  conveyed  to  the  mind  that  these  figures  were 
really  ^lid ;  a  fallacy  only  to  be  detected  bj  the  sense  of 
touch. 

Id  the  etereoecopc  which  we  are  conudering,  the  fallacy  is 
connected  with  the  judgment  fo-rmed  from  the  perapecCive 
view  of  objects.  When  ive  look  at  any  solid  body  with  each 
eye  separately,  i.e.,  closing  one  with  the  finger,  then  closing 
the  other  while  the  fir»t  eye  remains  open,  two  distinct  per- 
spective views  of  the  object  are  obtained.  Thus  in  the 
instance  of  the  cube  represented  below,  Fig.  1  would  repre- 


Bent  the  view  as  seen  with  the  left  eye  only  open,  and  Fig.  2, 
that  with  the  right  eye  open.  Now  under  ordinary  circum~ 
stances,  these  two  images  of  the  cube  being  seen  simnlta- 
DeouGly,and  depicted  upon  cori-esponding  parts  of  the  reiinaeof 
the  two  eyes,  the  idea  conveyed  tn  the  mind  is  that  of  a  single 
object;  and  aa  previoas  experience  has  taught  tis  that  all 
single  objects  which  present  two  perspective  views  are  solid, 
we  naturally  conclude  that  the  cube  is  solid,  even  without 
taking  it  into  our  hands. 

It  ia  evident,  however,  that  the  two  drawings  of  the  cube 
do  not  appear  to  the  eye  as  a  solid  body,  although  they 
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detrlf  prcHnt  tte  proper  petapeetiTe  riewv ;  and  ddi  be- 
cauw  the  tm  penpeetire  -viimt  do  sot  ii^eu-  to  cnuiuta 
from  eiM  ofajao^  the  njB  from  «Mh  figure  iaqniiiiing  ap« 
diSonnt  parta  of  aub  rating  u  if  from  two  difinnl  ob- 
jecte  or  bodiei. 

Bnt  when  tii<di»wingsira¥imrgdtiiro>igh  the  otarBOoeopo, 
the  nji^  a,  proeeeding  tnm  mA 
drmwii^  are  re&Mted  ontwaidfl, 
■t  the  Mme  angle  aa  each  set  of 
Tajs  would  bare  tarmud  had  thej 
pioeeeded  from  a  nng^  olgeot,  4 
^aced  in  the  oontra  of  the  box. 
Benea  wa  obtain  the  roqioAe  eon- 
ditiooB  far  the  prodnctioD  of  the 
impwaaion  open  the  nund  of  the 
enatenee  of  a  siiigle  aidid  ol^eet, 
t.^.,  two  perspective  viewa  appa-  ^ 
rentlf  emanating  from  one  object,  and  impinging  upon 
corresponding  parts  of  the  retinn  of  the  two  ejes. 

Ci.  Bot  how  is  this  refraction  outwards  prodnced  P 

Fa,  By  two  slightly  magnifj'ing  lenses,  inclined  oatwaid% 
and  eitunted  one  in  each  eye-piece  at  6  b, 

C'h.  Then  if  I  were  to  tnm  round  either  of  the  eje-i»ecei^ 
I  should  lose  the  solid  appearance  of  the  figures  ? 

Fa.  Certainly ;  and  joa  would  see  two  distinct  ^ane  or 
flat  figures,  for  the  reason  stated  above. 

Ch.  The  stereoscope  then  shows  a  use  of  oar  having  two 
eyes  instead  of  one  which  never  occurred  to  me ;  and  I  snp- 
pose  that  a  man  who  had  loet  the  sight  of  one  eye  woold  be 
tmable  to  dJatingnish  whether  an  object  were  solid  or  not? 

Fa,  To  such  a  man,  solid  olfjecta  woold  doabtleas  not 
appear  to  be  so,  bat  by  changing  the  poation  of  his  head  ii6 
would  easily  obtain  two  perspective  views,  and  so  migbt 
conclode  as  to  the  solidity  of  a  body. 

Ch,  Woald  it  be  possible  to  reflect  the  images  of  two 
plane  figures  in  such  manner  as  to  make  tbem  represent  a 
single  solid  body  7 

Fa.  Certainly  ;  I  omitted  to  tell  yon  that  the  stereoscope 
mentioned  above,  containing  the  lenses,  is  called  the  Leuli- 
cular,  or  Sefracting  Stereoscope ;  but  the  first  one  made  wai 
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upon  the  reflectiDg  principle,  and  is  cuUed  the  Reflecting 
Stereo  pcope. 

Fa.  The  Aneroid  Barometer  mas  invented  by  M.  VJdi,  of 
Paris  i  and  although  it  is  not  so  perfect  &  philosophical 
instrument  as  the  mercurial  barometer,  yet  it  possesses  the 
great  odvantage  of  extreme  portability,  for  it  is  not  more 
than  about  five  inches  in  diameter,  and  two  in  thickness.  In 
form  it  resembles  a  watch  of  the  above  dimensions.  Upon 
ite  face  is  a  curved  graduated  scale,  the  degrees  of 
whiL-h  correspond  to  the  altitude  in  inches  and  fractional 
parts  of  the  mercurial  barometer ;  a  thermometer  is  also 
affixed  to  the  face,  and  the  indications  are  marie  by  an  arrow- 
Bhaped  hand. 

Ck.  I  think  then  I  have  seen  the  aneroid  barometer  in  a 
shop-window,  with  the  case  made  of  brass. 

Fa,  Very  probably,  for  they  are  everywhere  to  be  seen 
in  London.  Inside  the  case  is  a  circular  fiat  melallic  box, 
of  about  two-thirds  the  size  of  the  outer  case,  the  front  and 
back  surfaces  of  which  are  corrugated,  so  as  lo  render  them 
flexible  and  elastic.  The  air  is  exhausted  from  this  box,  which 
13  afterwards  hermetically  sealeit.  The  box  is  firmly  fixed 
in  the  case,  and  to  its  front  surface  one  end  of  a  broad  lever 
is  connected  by  a  socket,  whilst  the  other  end  of  the  lever 
rests  upon  a  spiral  spring,  which  by  resisting  to  a  certain 
extent  the  pressure  of  the  lever,  keeps  the  surfaces  of  the 
box  in  a  stale  of  tension.  By  means  of  another  lever  and  a 
chain,  the  movements  of  the  first  lever  are  transferred  to  the 
band,  which  indicates  ihem  upon  the  scale. 

Ck.  Do  you  think  then  that  the  aneroid  will  supersede  the 
mercurial  bnrcmeter  ? 

Fa.  Most  probably  not,  because  ihe  small  movements 
required  to  be  indicated  by  ilie  barometer  must,  to  a  cerimn 
extent,  be  interfered  with  by  transference  through  a  systL-m 
of  levers  ;  although  some  careful  researches  by  Mr.  Belville, 
of  the  Royal  Observatory,  have  shown  that  this  result  occurs 
to  a  considerably  less  extent  than  might  have  been  antici- 
pated. 
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ftirce.     Hut  be  sllomd  for  I 


Galmiu  (Dr.),  hti  iHgoororii 


bow  IbnHd,   t4T. 


Gatfatdm.  wlul  n  U.  t* 


Hido  inxreni  » 


1(.    Bow  foimd.  0.    Acta  spa  | 
bodln.  1».    The  lav  of,   I"  -    "  "" 

nhutnM,  IB  ksd  SI. 

armUittn,  ■ttnctioa  oC  dcdad  ij 

IdHbch  at  ik    Br  ilili  I 

trod  tathiwnlnorUn  i 
Crrgi,rp(S\ipt),  rcctiflu  t^  JoUajw" 

;<iiiMi,  ipKiBo  snTitjr  oC  !i 


upUintd.  Itl.  Cm*  4 


ileal  upudi  aU  bOdk*.  ]  I. 

orgmMM.     Se»]eltCil 

UttfliietiBj  pluri     ' 


BUlooJo  Kurd,  eqnii-aJent  SmcU,  the  plUket,  ■ 

w  QnckuKiuii,  >!r«iplrit,iuid  ISl.     MtpiHiuli-,  rti^Bni^.  ><• .  II* 

u  bwB  adopted  bf  nodsm  elvfiilaU  Tin-o'i  Cnm.  cheat  rERiecUac  h(     ' 

.. . ,.       .  ttBl^Hi. 

.    .  BtgABid,  how  bunt  b;  the  pi 

iBolmrijftotnj      watar,  sa*. 

m  dr.    Gase*  uv  dUUngtiitfacd  I  'ftvtr,  |I>r.},  hiimlcnscope.  tci. 

IqnMa  \tj  th*  Sams  of  dHtSo  |  Hop-uiitfimt,  AangtittaB  to  Duel  la  s 

AUittt  wUk  llqaldt  an  te — *     —    '     '-"' "  — 

ri'ly.  DO  duUFltr.  a%Kt  nbtln  I 
heir  elHtMty  In  nil  leinpcniliinB,  I 
ind  In  thh  tlitj'  iBiltr  flron  vapoimt.  I 
Uydrofrn.  '  


» 


Ttnlrir  pitrt  of  a  ploari,  i 
r,  ITf.     I.DBgiIS[l«,  tl. 
«.  the  gnat  ^rt  of  III  ~ 


Oltif .  Ibr  what  bk 

OnrOf  b  a  name  glTen  to  that  teadeno)' 

■Khm  budica  hare  to  lUI  to  the  raiOx. 

crralbv  towards  fKc«ntr«.    The  lA- 

wh  lah  thJa  mrtlun  Is  prodnoei],  ts  toJTDed 
tttavHithm,  and  ii  aoppoted  to  ac( 
thrwigliout  nature!  M  tliat  all  bodlo^ 
n  wtJl  M  their  aepante 


k 


apjurent  plane  of  Dm  nttl 
rltithecaiie.Teortli«*J; 
or,  in  IkmiUar  |4it»c  the  tonduj 
where  the  ikj  aecnu  to  lovcfa  Ibi 
Borface  ol  the  earth  or  lea.  Tlh  h 
DOW  (»aied  the  mmbU  iatit^  M 
dliOncniah  tt finm  the  l\  n  i»  iitiin 
nieaf  ^llri»l^  whhdi  la  paralM  |n  tlM 
•nui'Mi.  bat  It  encociited  to  be  a  jitiirt 
puelng  [hnmghthe  centra  oribatvU, 
and  dlddhie  the  whole  rrlriiTlal  ^hn 
into  tJM  upper  ahd  lower  beaU^tboit 
Scnrible  and  ratliuul,  13B.  IttwkU 
we  Kflv  (he  liiring  and  KttlDs  of  Ite 


h/drcKtalio  [    __. ^ 

ptltd  ht  mllli.  eDninex,  poinp^  Itt. 
'-' — >'<«'.  an  iaitniBuot  to  neaait 
itmgtb  of  «plrin.     I>e*ertbid. 
To  whatappUsd.  iei. 
Of',  the  ori^  of  the  In^  m. 
'rbeol)>Ml>ar.  ■'», 


OLOgSABT    AND   IM 


ei.     Uow  lo  alimate  its  power,  ti. 

■       pliinHl.   »:,     Ftfm,   23*  and   3ae. 

■       FroJdfc  pr(«n.«  or,  to  proportimi  to 

nSttnd  to.  «i.     Of  Ibo  i*jn*  kind. 

■        Oie  porpcnriicularhflghu.  iH. 

t«(r.,  bow  many  klndn.   S".      Their 

propertlei  UluiEnlsd.  ih. 

L^^Phi^bOs.  WhenflnitdiKovend, 

BOfutnKtioii  ud  UH,  301.     IHOmnt 

kicdi  of.  3«3, 

LigU,  Ita  great  relooity,  bow  dlHOrered. 

18M.  390.  Of  what  nunpoud.  isa.  Of 

joct-a-UBfrn..  oao. 

3tlB.    The  Burcc  of  light  lo  the  pl»- 

/-iji(f.todri.«on. 

neUr;  worldt.  Ui.  Uovai  In  ttralglit 

/«<*:««.,  lln«i  of.  337.     Angle  of.  394. 

linei.  SSI.     Ray  of.  wbat  meant  by. 

tmtH,^  Fhnt.  -n. 

■B3.     Bea«l«d  and  refracM.   *<•%. 

Imfmpra-itU.    nrt    capable    of  twlag 

M».      Ita    great   adiantagaa.    lie. 

pnH«llDto.>miU]»<»r»pi«. 

Folariied.  bus.  Double  refmctiKl.  .183. 

ftwrfia.  >  tenilcncj-  of  mBltfr  lo  oontlDae 

in  the  podtlon  In  irhlcb  <[  i>.     Ao- 

how  p.™ared.  617, 

conUog  lo  Neinon.  ctut  body  i»n- 

tiiiua  Id  one  nnlfbm  dnU.  nnlw  11 

elTeotH  of.  ■*. 

he  «lWr»d  br  a  fbrelgn  ftrce. 

chiiriolor.  iJ. 

«w..  rii^t.  wbal  meant  by,  *,  note. 

fiitrnfiori.  the  hoUov  ipuei  twRieen 

L«uliM,  bow  aupplled  with  water,  ita. 

IbrpartlclmofmiMer. 

Bridge,  water-worki  at.  ass. 

bw,.  oxide  of.  «». 

t«w  D<v.  the  reaeon  of.  IM. 

dliUDCe  Ann  the  nm  i  Ibe  Tdooltrof 

lloMntho,  17*. 

iUmoOon.i*.     ThElengthofltidajs 

L^.  Ct^..  319. 

■ltd  nlghti,  ib.     BitoUlUi,  U. 

««>*t>r.eleotrtiAl.  Ml.  Tbanuutixnr- 

Mh..  Ca»r.  th«  put  ho  took  in  ntona. 

erfal  19t. 

togthereu-.ue. 

«■*.>  bntenh  t«B. 

VajT-d,  deuribcd.   172.      Itl   oao.  tl,. 

Z-«rrni  on  or  It  the  tide. 

Directive  properly,  li.   ArtUkial.  471. 

i«»i(wto  of  the  pltMM.  their  dtatu™ 

Plropertiea  of.  .*. 

fniaitheeollptlclig.  Panltslaof.  isa. 

Magnil..  hotv  lo  m»ke.  417. 

I«d.  dcrai  timet  heartef  Uian  water, 

Si*.  HO.     Oxideof,  MS.    Aoetatoof, 

Vo^MMi.  luDUDary  of  IkcU  and  prtn- 

dple.,  isa. 

Leaf.  gold,  dhcr,  &«..  hov  burnt.  »tl. 

t™*..  In  bank!,  hp*  weorHl.  111. 

WirUri.  naaoB  why  Ibey  nil  to  greater 

Lgap-yrnT.  wbal  meant  by.  tie.     Bnle 

lorknoiring.  117. 

tmintr;  a»v«a  dwiribed,  170.    V* 

im«.  dUfcrrat  kindi,  dwcribed,  101. 

riation  of.  480. 

Mbw.  tbe  planM.  iu  diatance  Ihiai  the 

»aa\  lUveladlyi  II*  magnitude,  ftc.. 

Ltrrr,  ■  nieehimfc.J  power,     II  li  u 

on  a  pivot,  or  prop,  ealledths/uferain. 

m  power  dependi  on  the  propnrtion 

Capable  of  InflRlla  division,  «.     Kb- 

1         telwem  the  lengUa  of  tht  part*  of 

markablc  Instancea  of  the  minute  di- 

■  ~    the  lever  on  each  nde  of  Ihe/iltnun. 

Tlalon  of,  .*. 

■       For  what  lued.  M.     Why  ciUM  a 

MxJuiMcal  Poirm.  how  many,  aud  what 

they  are.  S3. 
VkAobici.  importuoe  of,   OS.     FoHI 
g.Jl.«lbyth«u.rt. 

■k__^ 

Um,  to  whit  laws  tntilect,  1 
dccUniUon.  "  ■  ■     _ 

[U  dlitancc  tram  the  eaiili,  IGl. 
Wbsa  in  conjuocl'oti,  it.  WhMi  In 
Prabmblr  Inhabited.  . 
"  £di|i9B>  oU  ! 
IM.  HoUiinof.ciqilitned.  leo.  Sbiua  , 
wilk  borrowed  light.  Ul.  Tbe  leogtti 
oT  her  diameter,  J6.  Phuei  of.  ex- 
plained,  li.  Ber  totiUon  dncribed,  j 
"".   tanglhof herdaj,  15S.  Lengtli  . 


I 


HftrTatfniDDii.  i 


Vtd'sn,  omtre  of,  vh»t  It  is,  H.  Law* 
of.  Hi  tbe  lint  illuilreted.  (3;  the 
Koondmiutnted,  tli  the  third  llliw 
tritsl.  >». 

JtffffwMf.  elrcDlnr.  exist  In  nature,  47. 

KiMeirHlircTe*.  (».},  discribet  the  elec- 


Pltial,  Ltfden,  wben 
/'UoxyAy.  wbit  It  la.  1. 

eiqKzlmeiital,  th( 

difficult,  a. 
Fiit.  lower  nf,  lean. 


ttulliplfinf  Gt 

fiv  aetloi],  s 


ping,  1 


Dip. 


tt  (md  Uti^det,  hov  condocton  of 

tbe  OhItuIi;  fluid,  bii. 
Hm  Sti/lt,  when  adopted.  1(T. 
Knrfon.  &r  Iiaac  hli  experiment!  OD 

eleotrlDilr,  iss, 
Kinlcltr,  (U.).  hig  doaoHptioti  of  the  el«i- 

Xd<«.  tbe  point!  in  which  Iwo  orfaiti  )n- 
tensct  eaob  Dlher,  lET. 


ebmcU,  their  nomber  and  nanuh  til 
Cbuactera  of,  ItG.  Latitate  ot  H*- 
Tbe  order  of  their  motioiu,  lit.  Exm 
to  Bnd  tbelr  dialanco,  ICS. 

Fntiaiiilia.  what  treated  of  DndiT,  388. 

f Mb.  oudllial,  101. 

eelarizitititti/LigM.  t«. 
Only  01 


hifb^.  how  explained.  7S.  The  dn|la 
gi»ia  no  »dvuitsKe,  14.  The  mow- 
able.  a.  IHadTIBUge*  attendi^ 
pollers.  T&.    CaneenBrlo  poUc}',  iL 

Pimp,  prindple  of,  —     ~ 

dMcribed.    3M. 
CInlD.}>Hin[^  A. 


vUcb 


lUlture  liid  forl]>««heeliof  Tdilclu 
to  mn  on,  wWoh  mv  be  Impelled  bj 

BoMiBip,  Ihe  mDH  oxplBiocii,  4(8,    Ar- 
tUdil.lsl.  Coiiuiu ODH dcHTlbed, f t. 
AwJi,  on  electrical  pbeiunDenon,  £S], 

ilajM,  pencil  of,  whit  meuit  bf,  104. 
Pvellcl,  defiQition  of. :':. 

It^0ntHM  Is  ft  term  med  In  nKturml  phi- 
lOKiplir  to  dennte  (lii:  rebound  of  tbe 
nji  of  liglit,  bent,  ormund,  from  la 
oppoeiiig  HurfUe.  lis  poivers  in  np' 
panntlr  mnltiplfliig  otilBCi)^  »T.  Line 
Dr.exp1ilnDd.aal.    OrURbt.BSS. 

lltfnrhen,  Ihc  derlitlon  of  rafS  of  llfiht 
trota  %  dir«t  eoune.  u  is  exemplified 
when  tbef  ptus  Ihrou^h  tnnspsrent 
bodlea.     Wlicn  a  tod  ia  pliwd  uluit 


oppeii 


mi  If It wi 


cbenlat  tbesorfsc 


Ita  power  In  sppuentl^  mnlUplylDg 
oUeoU.  W.  or  ligbt,  S«B,  Optiol 
deccptjon  Btiiine  from.  401. 
Mfpubiim,  m  power  or  principle  In  the 
Mntcles  of  tnitlcr  b;  wbicb.  under 
nalions.  they  reflise  t« 


<■,  by  which  the  henienly 
bodlee  (ppeu  to  go  bsckwuds, 

nrrerifralc,  to  heal  buck. 

Siter,  Snr.  haw  it  snppUes  London  with 
water.    SMS.      Beserrtrin    belonging 


;,  CuptiUD.  sDppoaed  InTtnkn 


Moon< 


e  or.  to  X  IduIc 
>,  the  plui 


Distince  from  the 
,    The  length 


Ita  mimnltad 

son.  icloollr  of  its  mi 

B^Llellitce  and  riniES.  lA 

oni>da/andnlgbt.l).i. 

Sernc,  an  Inclined  plane  wrapped  round 
fL  cylinder.  Ita  prindple  explained. 
81.  Of  what  composed,  ».  Exam- 
plu  of.  83.  Used  by  paiper  makers. 
Sfi.     Itspower  cflEimated,  ii- 

Staton,  the  hottest,  138. 

Seugu,  Taticty  of.  on  what  depends,  ■ 
114,  13G.    Different,  how  accounted 
Ibr,  134 — 111.     How  produced,  1*0. 

Htnrfmcof  the  earth,  Ita fbrra.  111. 

Sifktand  ^jAffU  compared,  3i3. 

Signt.  astronomical,  see  Zodiac. 

Siiunu  Elrctrimt  described,  C3T. 

SUnrr,  experiment  with,  £>4fi. 

Statu,  how  thef  get  at  theh-  masters' 

Stubs  Jack,  iu  prhiciple,  ait. 
S^Ltr  5jvJe«  described,  114- 


Sptditrlfi,  Ihclr  eondrnctioD,  Q«es,  and 

diAirenl kinds,  Id. 
S'jiirff.  reetiBed.what  meuit  by,  «G1. 
^^in^r.intermlttinff,  explained,  371. 
SI.  Fautt,  whispciini;  gallery  of,  prinei- 

p!c  explained,  S41. 
Cfari,  how  to  find  ihe  namei  oT.  103. 

Fixed,   Ihdr  number.  96.     Hay  be 

distiognlslied.  IDO,     Why  marked  on 

the  globe  with  Greek  eharaclen.  104. 

Fixed,  their  appareut  motion,   110. 

Why  not  seen  bi  the  day,  it.    FUtad, 


t    ATn>    INDEX. 

TidH.thtmmti 
In  dlffiermt  plaee^  1' 


Whltbrrutdtgenbed,  9 

br.a. 

SUrlfard,  n  lort  of  Unt.  »1,  lu  pHi 
elpit  dctcritwil,  ±^.  tti  adnuila^a 
Cftit  «  pilr  of  M»1«.  m. 

ttoTMi,  bjr  Whit  OMUlODid,  MO. 

■^,  nevuidald.  lit. 

twKia.  UD  mch  prindple  ia  nkture, 


ne,  wliU  m 


I 


140. 


itf  (loeti,  hMoid  togelhtt,  1 1 ). 

Sim,  denUnatlaD  of.  III.  I-ongltndB  of. 
lia.  Hu  no  laUCnde.  ii.  lb  maif- 
nUudE,  III,  Wlifit  appctnaonnall, 
a.  lU  dliUDCE  from  the  Eutta.  M. 
AiiDui.1  motlati  of,  bow  abacmvl,  I0«. 
Kt«rer  lo  the  e«rth  in  winter  lliaa  In 
■ammer.  137-  Eollpsu  of.  1*7.  A 
ilc>aertptloii  of.  iss. 

Strimmiitg,  Ibcotf  at,  9(4,  H«r  M  be 
olitilned,  aat.  Lai  nitnnl  la  mu 
thui  loDlher  land  inlnmti.  tea, 

n  of,  ciidslntid,  9118. 


sr*' 


luprl.    .    . 

Ita  itrualnn 
CaadeiulDg  Dae  del 


dcpODdt.  14! 


u  Idsu  of,  ammn 


TVaiulf.  lo  AMroflcoiiy,  b  Um  pMMp  <l 


ngifrnl.  Bilnlght  line,  which  UnchM  n 
cant  in  use  point  bnt  docs  not  cot  It. 

TttgOh,  enpable  of  twlng  ftl  1  or  hudied. 

niitAtliH'i  Cop,  370, 

Tdifi,  *  dlingmihla  one  txdtiil  bj  llis 
Dontut  of  nmUii  plowd  on  and  under 
tho  toning,  MS.    How  bc«hui|«1  Edt, 


Wedgt. 
U»l. 


Ttrmi,  technlcB!,  dfflred  fmn  tt 
liniiiige.  )9>. 

»Il— 17R,     lU  *Ml< 

wood'i,  ajs,     Renni     

puKd  Willi  rahranheilX  31'. 


fuiMfi  la  t«raMil  u  UondtalkB  tl 

Trtmlhig-^l  BMtrd.  UJ. 

Trimiglr,  whM  anut  h]t,  (,     An;  t*d 

■Idu  of.  xmlir  Uiu  lb*  lUn).  H- 
Tnfia,  irinl«  panUrl  M  Ibe  t^ulHf, 
Tmmpr*.  ip»(:fnf.dMaitnd,Ht.  WM 

ilnl  ntal.  M4. 
T>iwv«l>  fbr  dcif  pcTHiDl,  IM, 
IVtr.  a  pipg. 
TvtHgl^  tbi  dagif*  of  IlKhl  (xiwlanl 

■■etwtcn  niB  iMliDg  v  Mag  Ml 

darlc  night 

fiMfHliiifaii,  nrlDflng  or  ilbnUsf . 
Vw4«l>atiiiuf,fUgU,*»». 
r-nom  it  UMnllr  u  amplr  ipMii  lb* 
wdM  Ii  gmenlljr  BHd         ' 


felhcilt/.  a  ttna  a]^lied 
eelcrellnf .  what  mMM  by.  U. 

rinui.  the  pluict.  Hi  diiunoe  Ooa  Ik 
(un;  the  Telodlf  of  lu  mMtaai  ■> 
mignlinde.  170,  Wh^  an  eimlDf 
and  wli|FimaniliigiUr,  III,    Tlaa. 


r<rr(rf ,  the  lap  of  anrthlDi. 


ir«««-,  rul«i  forjucl^gor,  366. 

Wedge,  ■  itianp'l»r  pit™  o!  yivA  or 
m«tftj.  to  cleDT'^  fitonA.  &C.  ltd  prin- 
clpio  explaliitd.  T9.  Itfl  ivlviDtagca 
in  cletiing  woud,  SO,     What  initni- 


Weight  of  iMdIa  ID  VBCDD.  310. 

WtU.  ban  lo  Und  llm  deptb  or  on 

JfAnf  and  Atle    describei).    as, 

what  purposn  used.  fiS.     Ita 


f'iiCc,  Ur.  Juno,'  hia  ini 
enme.  7  a.    Hin  jmieni  pi 


aoi,  burned  to  ■  ctwl  la  WRter,  ti 


Grego 

■in 

wh 

tmeuitbr  14T 

licgin] 

i*Dg«l  from  (he 

olMu 

to  tb 

litpfJjnnwT, 

•.mnia,  tb*t  point  oT  tba  hcsveui  whloh 


««<»:,  »  «Urd  (lyoni  th 

eUiwk    Z.Dh 

u  ■Dlmid)  bxoiiM]  It 

conulncd  tba 

flEUwalBUiheMlma 

■  wtalcblbrmrd 

tbe  IwclTe  ilgna.    It 

•  >  broad  belt 

or  ctrcle,  the  ciuth'i 

orbit  uid  lb* 

no.     Slgna  or, 

101.    Dr.  WUli' line* 

on.  IK 

<>■         i    _     ^.    1^.       L."- 
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I'ulititui,  iMClict,  PuimoiiJa,  Cntjliu,  uil  UOu,] 
LIVYS  HISTORY  OF  HOME.    Vol.  IV.  (wli!eli  omiplrtti  Ibt  HDrk). 
CiESAR  AND  HIRTIUS.    With  Indet. 
HOMER'S  lUAD,  iBpniK,lilenll}Cruu1tl(d.    FruiHifiiH. 
HOMER'S  ODYSSEY,  HiBJti, EFioijim.  AMU  BiTiuioniiiiFiiociiiiD  Mien, 
PLATO.    Vnl.  IT.     Br  S.  Biikbhk,  M.A.     [PbUihu,  CbirBulu,  Uclici,  Tlic 

Tvn  Akilu^u,  mill  In  oIKar  Uiukftm.) 
as,  8.33.    OVID.    Byll.T.  IlILKY,  B.&.  ConplcitiDaVolh   Fnaliiriica. 
LUCRETIUS.  BytUtE«T.),8.WtTioa.  mihtluMoIrioilVmiaiiofl.M.QonD, 

30;  3t,  &  M.  CICERO'S  ORATIONS.    Br  C.  D.  Yosoi.    Compute  la  4  VoU, 
\\aL^  innluu  ■!»  the  Uiclonial  naxt.) 

PINDAR.    It;  Duvios  W.  Ti'tHEL  Viilh  Iho  Uctiitgl  VenloB  «f  Moou.  Amf- 

PLATO,    VoLV.    DjC.  Bcioln.llJl.    r^"  l^"-! 

tt  SS,  THE  COMEDIES  OF  PLAUTUS,  Br  11. 1'.  lliLiI,  R.A,    In  3  Vdt. 

JUVENAL  PERSIUS,  &a     By  Ui«  &iT.I.Ev*n9^  U.A.     With  Iho  UbHihI 

Viniuaor  Gimu).   fmliipiEn. 
THE  GREEK  ANTHOLOGY,  tninil>tcd  cUcajr  bj  G.  Bl.'Ka>.9,  A.M.,  wltli  Urlri- 

rjl  Veni™  by  vunoui  Autbon. 

DEMOSTHENES.    TIx  UlrnililiF.  FhiiiHilF.  uul  oilior  IVilIc  OnOoa,  Bllb 
holM.  AppeDlljlM,  kf .  >"  P.  E.^M  Ke.mhh.     fll.  »(.) 


■y^ry: 


*  43.  IW1STOTU-5  MLrncs_Aim6eoK<M«ics,  i^  t 

'  V-  :  -I-I- OIDCGNCS  UIEII 
3  LOSOPHfiM.  • 

J  <5  TtHtNCE.MJ   eH«0«tU*,  I5II    T.  Kilo.   Ita  oIih 

^  *0.  CJCERO  ON  THE  NATURE  OF  THE  GODS.  DIVIMATiql 
■'2  HEPUBUC.  ftc,  tfM.l.leJ  by  C,  D,  lomt,  Ea. 


ST.  ATMENCUS.    Tlx  Delpiu»Flud>.. 

ud  t.jc.r  '^ —  "  ■  --'  -■  ■-  ■ 


b;  C.  D,  YoNU.  B.\.  xiUi  »  AppcBdii.  or  I'lcUal  hi 

■--'  ' bii«rioiu*imiofi,iiBr»|HiHmii6iwii.  cm 


EJH  J      lL       .l    L  LIBHAHY 

1  1.  OJ,  PLINrS  NATOBAL  HrSTORT.  -muWbL  wfdi  HMkm  Nmn.  b,  Dw 
y  SUiTONIUS.  t>'(*  oT  Uu  Cunn.  ud  otMi  Wnrki  TVOVMK'i  ImuIaliiiB 
S.  OEMOSTHENES  ON  THE  CROWN,  AND  ON  THE  EMBASSY,  b)  C.  Btsil 


BOHNS  ANTIQUARUN  UlRltllT. 


3.  WILUAM  OF  MALMESBURTS  CHHONICLE  Of  THE  KINGS  or 

4.  Six  OLD  ENOUSH  CHRONICLES:  ni.,  *»«•■.  Ijfo  <■(  AlfrnJi  Ui«  Chtunlciri 

of  KihcJuerd.  Dildu.  Nmuuni.  GeoBrj  al  UaniiHuUi.  (sd  Rtclmrd  of  CHnncuta. 
i.  ELUS'S  EARLY  ENQUSH  METRICAL  ROMANCES.    RctImiI  •.} ).  UMUIB 

11  iLLiHiux.    Conpleu  in  we  hIh  ninmiulid  nmUi^ttt, 
0.  CHRONICLES  OF  THE  CRUSADEftS:  lUdiud  of  Dnilci.  BMHlRr do  TIubbT. 


I  8.  10j_fc  IS.  BRAND'S  POPULAR  ANTigurriES  or  QfiEAT  BRITAIN.     Bj 

I  8  1. 11. jraOER  OFWCNDOVEn  FLOWERS  Of  HISTOW  (fcnwHjr  Mcflbcd 

•  to  Muilirw  rmt.)  In  a  Vol.. 

!  13.  KEIQHTLEirs  FAIRY  MYTHOLOOr.    KiUiifpJ.   fl*ni.f*wlij  tirmtmt*. 

I  14,  IS,  &  IB.  SIR  THOMAS  BROWNE'S  WORKS.     titHnl  )ij  BiHaR  WiLKia. 

[  i-Brlnil.     InJVcHt.     WilhlMii. 

I  17,    10,   &   31.   MATTHEW   PARIS'S    CHRONICLE,  rniiuinfnt  llm  ttMny  11 

;  Enslnnd  Irtim  lalS,  Inhilawd  Sj  1*.  Oitr*.  wlUi  liuJrt  In  Ilia  vliole,  hKlBiltiif 

[  ■!>,•  p„iii)B  puWi,h.J  undtr  tU.  uinc  of  Rout!  oi  Wbi.i,o>>i.,  Iu  S  VoU^^S 

I  IB.  YULE-TIDE  STORIES.    &  wUacUon  of  tunillni'liu  Tilo  nuil  TnliUoai,  cdiud 


;    SI.  HENRY  or  HUNTINGDON  S  HISTORY  OF  THE  ENQUSH.  fw" 


LAMB?  SKCIMENS  OF  ENQUSH  DRAMATIC  PO^rS>'U>«  lii«s(IUl» 
'-■■'■'■'- -       '       -    "    [KkFtaj"- 


3.  MARCO  POLO'S  TRAVCL&  tils  tnii 

■ ,_...._  ,__,.. .,  .    f^j^^^^ 

t    FLORENCE  OF  WOnCESTER'S  CHHONICU^ 


Willi  Num.  lij  r.  VoiEinji.  t^. 

i-jnihrviBc  IIh  vluik  of  Rat'!  CbUi 
lAah  MI  iBlndncnl  krjt  AildiuoM 


■^Sf-S     BONN'S  railOLOGICO-PHIlOSOPHICAL  UBRART. 

£'.'.'' tlJ   I.TENNEMANf*'S  MAmjftLo'fln-'HISTOnyff  PHILOSOPHY.  nTUtdnoiw 

"3 ^'2*  2-  ANALYSIS  "i"l  SUMMARY  "f  HWOOOTua.  "iih  •jnclironmltsU  ItiUi 
-   'JiV.y  -  Eitnito,  Tii.lM  of  IVei^iiU.  Monoy,  !!<■. 

'.i:.v>^   3-  TURNER'S  (OAWSON  W.l  NOTES  TO  HERODOTUS, r«lki><McrfinidB' 

•'•Z^  WiUi  Uiiii,  .ViJi-(,dirB.B.ul  Iwlci. 

:".'|n^   ■*■  LOGIC,  "Uw  SCIENCE  OF  INFERENCE. iip"pn!«  1[»to»11.t  J. II«»M. 
''Vi-JS^   a.  KANTS  CRITiaUE  OF  PURE  REASON. 


O  SUMMARY  Of  TKUCYDIOES,  by  1'.  V 


BOHH'S  BRITISH  CLASSICS. 

3,  S,  e,  11*14.  BIBBON'SROMAN  EMPIRE;  Com|>]elE  ninl  Unll'riJfri,  vttk  i 
nriaroD  Nolo.  Isdnainit,  id  ii>4.Ui1<>i>  id  >U  Iho  AnlbDr'i  own.  ihuiF  n?  QnlM,  j 
Wcndt,  ^itbulir.  Ildeu,  NuniJrr.  imd  oUin  fbrasu  icljuLirL  Kililvil  br  ~~ 
Ehsuui  Chuicbui,  »IIjt  farinil  mhjI  Utfi. 

4,  fr  0.  ADDISON-S  WORKS,  niUi  Dm  Kola  cfCiiKDr  II  viii.     inikl'tn 

DEFOE'S  WORKS.  Frilitcit  ^  Sii  WtLTKI  Bcott.    V<,I  1     Canlniiiiai;  Ills  1 

AdviAIUK.  UM  Ifinaa  of  CjipUia  SlDileua,  and  the  Ufu  uf  CuIoikI  J 

rtrir.il  ^Dtf^n. 
DEFOE?  WORKS.  ^°1>  9'    CanUiniD(  llenuiln  cl  t  Ciwilici,  AdnslnNi  «f   J 

Qi|iULU  Carldaii.  l>Jckarjr  C»iik4.  kc 
PRIOH'S  Ure  or  burke,  (faming  Ihe  1«  VoloiM  of  BURKE'S  ITOBKS), « 

£tl»mn.  rvWiad  by  Um  Antbur,    nrlrail. 
BURKE'S  ¥n>RKS,  Val  1,  aBUMbii  hti  ViodlHtlon  or  »>lunl  Soclrly.  iMajr  go 

Ike  Subline  ud  Unubhil.  od  nwu  PoUUeiJ  Uimlliuun. 
DEFOE'SWORKS.CdiMdbjSrmWuTiiScarT.    Tol.3.   CDni>lnlo« Ikt li 

UoU  IHiiiida*.  u>d  Uui  Hiitor;  of  lbs  UnD. 
BURKE'S  WCMKS.,   Vol.  t,  taeuiuief  EiHj  m  (be  rrcneh  Ettuhltlon,  Pidltlal 


!.  AOmSON'S  WORKS,  -i 
I.  DEFOES  WORKS.  Vot. 

J.  BURKE'S  WORKS,  V.J, 


dI  niiboji  Hud.    Vol  «. 


BOHN'S  ECCLESIASTICAL  LIBRARY. 


ECCLESIASTICAL  HISTORV,  1 
a.  SOOBflTES'  ECCLESIASTICAL  HISTORY,  in 
3.  THEOOORET    ANO    E 


™  tbo  G™1,  h 


Tcuulued  Iiuiu  Lbc  Onek,  mili  GmcnU   | 
r   PHILO   JUDiEUSt    truulikJ  from  the  Cmk  by   C.  O.   I 


',    7.  PHILOJUDjCUS,VoL3. 


><^'S/*l!SfiStpKCnortflr^nv^wnv'^p«l^tfX^^^ 


MERSON'S  REPRESENTATIVE  MEN, 

Y  OF  BENJAMIN 


-  TAI.es  of  a  TIIAVEtLEn  • 

-  CONaUESTS  OF  OBANAOA  AND  SPAIN.    3  Vi 


-  iii.r>cliuriurihoGi>UiU«iaii.   IVA 

;aptain  sonncville.* 

knickerbocker.* 

tales  of  the  alhambba* 

conbuest  of  f  lor  ida.' 

flSaOTSFOHD  AND  NEW5TEA0. 

SALMACUNDI.' 

BRACEBRIOGE  HALL.* 

ASTORIA  (fw/foi/iyHrAflor),    JVoliinl.    li. 

GENEVIEVE;  or,  Tbellina;  of  *  SenuilGitL    TnHUM4l 
a    MATOS  BERGEfliDr.ll;!  MnunudiuxrorUir:  Atlii.    A  lUo  of  Manna. 
T   WILLISS  LIFE  HERE  AND  THERE;  or,  SViMha or Sodei)  ud Ui'atBn.* 
a    GUI20T'S  LIFE  OF  MONK,  Willi  AppBidii  md  iWf ml.* 
B   THE   CAPE  AND  THE   KAFFIRS:    A  tMr;  of  R>e  Vnn'  Kc^Onn.  «« 

AilFiec  tn  KultiuU.    BjB.WllU),    thlr  mul  Mi^  if  lie  SM  e/ r^.   Sk 
]   WILLISS   HURRY-GRAPHS;  •".  SkEbibci  of  Souco.  Ci^lctmUa.  ODd  iMM; 


B»  CYBl  S  11 

E   33   LAMARTINE-S  STONEMASON  OF  SAINT  Pi 
!   M  CUIZOTS  MONK^S  CONTEMPORARIES.    A 


SCARLET  LETTER, 

'    30   EMERSONS  ORATIONS  AND  LECTURES. 

UNCLE  TOWS  CABIN  ,  -r.  Lif 


Luw);:  vilti  iBttadDctor)  Bi 


J    44   OERVINUSJNTRODltCTION  TO  THE  HISTORY  or  THE  NINETE^ 
)F  TEMPERANCE  AND  T(9 

IRVING  WOLFERT^  ROOST.  AND  OTHER  TALEi.  li-i   or  n 
whli  Pmndl,  1i,  U. 

IflVINO'S  UFE  OF  WASHINOTON,  Vol.  1.     Tjirlj  Lifr  uid  ia™ 


BOHN'S   MINIATURE   LIBRARY. 


10,  tUtr^nOj  iimilJh 


n  idxl. 


40  AIKINS  EVENINGS  AT  HOME.    Fn^lUfUcu.  St. 
BOURRIENNE'S   MEMOIRS  OF   NAPOLEON.     iW/™i<.W  fVpWi^j.  Ii.W. 

H  S  PII.CRIMS  PROGRESS,    With  »  Lift  "nil  Nol="  by  Scott,  HDUiMnf , 

mSimllici'iEdillixi,    UlTM^nu,  l^llinvil.  A'ni>(l<fi,  b:.  Si.U. 

-  CHEEVER^  LECTURES  ON,  nmliip.  b.W. 

BVRONS  POETICAL  WORIW.  in  liyel.VoliuK.liitlil«B|!«™nlt»p[m»MaP*«iii« 

1  torludnl  in  oUirrcdiUimi.    Amt^/WI /nuluriKf.  S(,  W,  ■" 

DON  JUAN.  cimipMa.    ErvnliftctH.  ii.U. 
i    COLERI0CE9  SELECT  POETICAL  WORKS.  !■■ 

I    COWPER'S  POETICAL  WORKS,  »'">  Llfa  »r  SautKlT.  i>ieliidUi|  »n  Ibe  mnitl* 
I  Ivcnu  (TUII  [Htti^ai.    ilraUifi-mvxtujilKa  V)"  n***"' 'r  ^"■>*<-L<  Si.M. 

'     DRYOEN'S  POenCAt  WORKS,  m»l'l«io  in!  Va„wim«pB«riiiI.iVw(H»i««       " 

ENCYCLOPAOIA   OF    MANNERS    AND   ETIftUETTt  gmpriUnJ  iB  Impl 

^S    HEBERSIBP.ifc  MRS.  HEMANS  POETICAL  WORKS.  SVoli.lnl.  Fn»U.  ii 
^    HERRICK-S  POETICAL  WORKS,  rnmpltta,     KT««ipl-«.   tf. 
.3    JOE  MILLERS  JEST  BOOK.    tK,.ti4rita.  ii. 

'ELLOW'S  POETICAL  WOSKS,  f"-— VojcMorHi.Kijht— Enwelliio— »* 


lOE  MILLER,  aSrIfr 
■S  POEMS.  »"!■  I'l! 
HOMERS  lUAO. 


ifmJr.ii.  Wiiilturai,  I)n>llT»1t»,»t    St.U.' 
.1  M^cnnuas.ni  Dr.  Uhdr,    AHfiqi.  3 
'I'-    S««  oml  Euiji.    ZrHliiplrM.  Ii. 

S  POETICAL  WORKS.  "O'l  Ijif.in  ™« 'olamt    Pmt.  itni  rinOf.  b.(i. 
S  REFLECTIONS  ON  THE  WORKS  OF  GOD.    rVnl-V'    >•- 
~  ~      S  SEASONS,     ^'llli  !"•  Culli'  ut  lulolcnn.  t  Inali/il  VW^nl 
.    VATKEK.  ANO  THE  AMBER  WIT0H-    lioli.  lul.    it.ti. 


